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(57) The invention provides catalysts which have a high polymerization activity, enable the obtaining of olefin poly- 
mers of wide nrwlecular weight distribution, and which conprise (a)(a-1) a metallocene compound or (a-2) a titanium 
catalyst conponent containing magnesium, titanium, and halogen, (b) a compound of a transition metal from Groips 8 
to 1 0 of the periodic table and is of the general formula shown t^elow. and a cocataiyst component 
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M: Pd, Ni or Pt 
Xl, X2: N or P 

R^, H or hydrocarbon group 

R^, R^: halogen or hydrocarbon group 

R^, R^: H or hydrocarbon, group 



The invention also provides olefin polymer compositions excellent in rigidity and impact resistance which can be 
produced using a catalyst comprising the transition metal compound (b) and which comprise a norvcrystaliine oMin 
polymer having a specific intrinsic viscosity, glass transition temperature and density, and another known olefin polymer. 
The present invention also provides olefin polymer compositions excellent in mechanical characteristics and heat 
resistance which can be produced using a catalyst comprising the transition metal compound (b) and which comprise 
. a crystalline olefin polymer having a specific intrinsic viscosity, melting point and density, and another known olefin pol- 
ymer. 
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Description 

TgCHNIGAL FIELD OF THE ART 

5 The present invention concerns olefin polymerization catalysts and olefin polymerization methods using the cata- 

lysts and also concerns olefin polymer compositions and heat molded products. To be more pacific, the present inven- 
tion concerns new olefin polymerization catalysts that exhibit high polymerization activity and enable the obtaining of 
def in copolymers of wide molecular weight distribution and olefin polymerization methods using the catalysts, and also 
concerns olefin polymer compositions having excellent mechanical properties as well as excellent nwlcfing properties 

10 (mdldability). and he^ molded products obtained by heat mokfihg the compositions. 

BACKGROUND ART 

Trtartium catalysts which comprises a solid titanium catalyst component containing rnagnesium. titanium, halogen. 

is and if necessary, an electron donor, and an organic aluminum compound, and vanadium catalysts which comprises a 
vanadium compound and an organic aluminum compound, have conventionally been known as catalysts for producing 
olefin polymers such as ethylene polymers, propylene polymers, ethylene-a-olefin copolynners. etc. Also, Ziegler cata- 
lysts oon^rising a metallocene compound such as ziroonocene, and an organic aluminum oxycompound (aluminox- 
ane), have been known as catalysts that can be used to manufacture olefin polymers with a high polymerization activity. 

20 Furthermore, olefin polymerizatbn catalysts comprising a nickel compound or a palladium compound and a oocatalyst 
such as aluminoxane. an ionic compound, etc., have been proposed recently as new oleTin polymerization catalysts (J. 
Am. Chem. Soc. 1995, 1 17, 6414-6415). 

Ethylene polymers, propylene polymers, and other olefin polymers are used as molding materials for various needs 
due to their excellent properties such as mechanical strength, heat resistance, transparency, chemical resistance, etc. 

2S Such olefin polymers are thus required to have good molding properties (moldability). 

Honvever, though the above-mentioned catalysts comprising a nickel compound or palladium compound and a 
cocatalyst exhit>ft high polymerization activity, the olefin polymers obtained using the catalysts are narrow in molecular 
weight distribution and thus do not necessarily have good molding properties (moldability). Improved catalysts compris- , 
ing a nickel compound or palladium compound and cocatalyst which can produce olefin polymers of wide molecidar dis- 

30 tributkjn and excellent molding properties (moldability), without decreasing the Ngh polymerization activity, have thus 
been desired. 

Olefin polymers having excellent physical properties mentioned above are desired for use in a wide range of appli- 
cations, and the desired physical properties differ according to the application. For exarnple, in producing films from an 
Olefin polymer, the olefin polymer requires excellent melt tension in order to prevent drawdown, etc., and the resulting 

36 films require good impact resistance, heat resistance, etc. 

Furthermore, physical properties of olefin polymers are modified according to application. For exanple, propylene 
block copolymers, having both a crystalline polypropylene component and a rubber component, are known as materials 
that provide improvement in the impact resistance of crystalline polypropylenes. Japanese laid-open patent publication 
No. 4-337308 disdoses a method of producing polypropylene block copolymers that exhibit an excellent balance of 

40 impact resistance and rigidity by the use of catalysts containing a silylene group bridge type metallocene compound as 
a catalytic component. 

There are also known methods of forming polypropylene compositions by blending a rubber material such as non- 
crystalline polyethylene, nqrcrystalline or low-crystalline ethylene-propylene random copolymer, polyisobutylene or 
polybutadiene. as an impact resistance modifier, in crystalline polypropylene. For example, Japanese laid-open patent 
45 publication No. 5-202152 discloses a method of obtaining a polypropylene. niokJing material of excellent low-tempera- 
ture impact strength from a crystalline propylene polymer and a non-crystalline ethylene-propylene copolymer (EPR). 
wherein the EPR that is used is produced using a catalyst connprising a specific tridge type metallocene compound and 
aluminoxane. 

Furthermore, the Wending of atactic polypropylene as a modifier in polypropylene has been proposed, for example. 
so in Japanese laid-open patent publication No. 6-263934. 

There are also known methods in which an inorganic filler, such as talc, etc., is blended in a polypropylene compo- 
sition to compensate for the kjwering of rigidity that accompanies the addition of an impact resistance modifier. 

In view of the prior art described above, the present inventor has examined catalysis that have high polymerization 
activity and enable the obtaining of olefin polymers of wide molecular weight distribution and excellent molding proper- 
55 ties (moldability). and found that olefin polymers of wide molecular weight distribution can be obtained with a high 
polymerization activity when olefins are polymerized using a catalyst comprising the above-mentioned nickel com- 
pound or palladium compound, (i) a metaltocene compound or (ii") a titanium catalyst component containing magne- 
sium, titanium, and halogen as the essential COTiponents, and a cocatalyst such as alunrtinoxane. an ionic compound. 
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eic. 

The present inventor has furthermore examined olefin polymer conpositions suitable as heat molding materials in 
view of th prior art described above and found that compositions formed from a non^crystaliine olefin polymer which 
Is produced using an olefin polymerization catalyst comprising the atx^ve-mentioned nickel corrpound or palladium 

5 compound and a cocatalyst. such as aluminoxane, an ionic compound, etc., and which has an intrinsic viscosity, ^ass 
transition temperature, arxJ density within specific ranges, and another known olefin polyn^r, exhbit excellent rigidity 
and excellent impact resistance and are suitable as heat molding materials. The present inventor has also fourxJ that 
compositions formed from a crystaDlne olefin polymer which is produced using an olefin polymerization catalyst com- 
prising the above-mentioned nidcel compound or palladium compound and a cocatalyst, such as alumirxixane, an ionic 

10 cpmpourvj, etc., and which has an intrinsic viscosity, glass transition temperature, and density within specific ranges, 
and another known olefin polymer, exhibit excellerrt mechanical properties, heat resistance, and molding properties 
(moMablDty} and are surtatsle as heat molding materials. The present inventkjn has been accomplished on the basis of 
the above findings, 

15 PISCLQSWRE QF THE INVENTION 

The olefin polymerization catalysts according to the present invention comprises: 

(a) 

(a-1) a compound of a transitton metal from Group 4 of the periodic table, which contains a ligand having a 
cyclopentadienyl skeleton, or 

(a-2) a titanium catalyst component containing magnesium, titanium, and halogen, 

25 (b) a compound of a transition metal from any of Groups 8 to 1 0 o1 the penodic table, expressed by the general for- 
mula (I) below, 

(c) at least one compound selected from among (c-1) drgank: aluminum oxycornpounds. (c-2) alkylboronk; acki 
derivatives, and (c-3) compounds reacting with the transition metal compound to form an ion pair, and if necessary. 

(d) an prganonnetalBc compound: 

30 



... (I) 

40 



wherein M indicates a transition metal from any of Groups 8 to 1 0 of the periodic table, 
X** and may be the same as or different from each other and are each a nitrogen atom or a phosphorus 
45 atom, 

R'' and may be the same as or different from each other and are each a hydrogen atom or hydrocartx>n 
group. 

m arxi n may be the same as or different from each other and are each a value of 1 or 2 that satisfies the 
valence of X^ and X^, respectively. 
so is a group that blrKls X^ and X^ and indicates 



55 




m 
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' {where R^. R^. R^^ . R^^. R^^ . and R^^ may be the same as or different from each other arxl are each a hydro- 
gen atom or hydrocait)on group), . 

and may be the same as or different from each other and are each a hydrogen at m, halogen atom, 
hydrocarbon group. -OR^, -SP?, -N(R^^2. or -P(B^\ (where each of to R**^ indicates an alky! group, 
cycloalkyi group, aryl group, aralkyi group, or organic silyl group, the groups R"**^ may be bonded mutually to 
form a ring, the groups R"""" may be bonded mutuafly to form a ring), and R^ and R® may be bonded to each 
other to form a ring, and 

two or more among R^ . R^ R^ (or R^^ R^). and R^ (or R^^ , R^^j may be bonded to each other to form a ring. 

In the present invention, it is preferable that the transition metal compound expressed by the general formula (I) 
given above is a oornppund of the following general formula (0: 




wherein M. X\ x^. r\ P?, R"*. R®. R*. and R^ are the same as those in the general formula (I). 

The olefin polymerization catalysts of the present invention exhibit high polymerization activity and enable the 
obtaining of olefin polymers with a wkle molecular weight distribution. 

The olefin polymerization methods according to the present invention are characterized in that an olefin is polym- 
erized or oopolymerized In the presence of the catalysts described above. 

The olefin polymer compositions accorcfing to the present Invention are olefin polymer compositions (olefin poly- 
mers) obtained by the methods desaibed above. Such an olefin polymer composition has a wide molecular weight dis- 
tribution and Is excellent in molding properties (moldaMity). 

Olefin polymer compositions comprising 

(A-1) 99 to 1 weight parts of a non -crystalline olefin polymer which is produced using a catalyst containing a tran- 
sition metal compound (b} of the general formula (I) Indicated above and which has 

(1) an intrinsic viscosity lr\] within the range of 0.5 to 20dl/g, as measured in decalin at 135'*C. 

(2) a glass transition tenriperature (Tg) of -W*C or less, as measured by a differential scanning calorimeter 
(DSC), and 

(3) a density of O.BSg/cm^ orless; and ^ 

(B) 1 to 99 weight parts of at least one olefin polymer produced usirig a catalyst other than that mentioned above, 
can be given as another embodiment of the olefin polymer compositions according to the present invention. 

Such an olefin polymer composition is excellent in molding prc^erlies (moldabiiity) and the heat molded products 
obtained by heat molding this olefin polymer composition are excellent in ridgidity characteristics such as tensfle mod- 
ulus and mechanical characteristics such as impact resistance. 

Olefin polymer compdsitions comprising 

(A-2) 99 to 1 weight parts of a aystaUine olefin polymer which is produced using a catalyst containing a transition 
metal compound (b) of the general formula (I) indicated above, and which has 

(1) an intrinsic viscosity [n] within the range of 0.5 to 20d(/g, as measured in decalin at ISS'^C, 

(2) a melting point (Tm) of 60*C or more, as measured by a differential scanning cal rimeter (DSC), and 
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(3) a density of 0.889/cm^ or more: and 

(B) 1 to 99 weight parts of at least one olefin polymer produced using a catalyst other than that mentioned ahov . 
can be given as yet another embodiment of the olefin jsolymer compositions of the present Invention. 

5 

Such an olefin polymer conrposition te excellent in molding properties (moldablDty) and the heal molded products 
obteined by heat molding this olefin polyiner composition are excellent in mechanical characteristics and heat resist- 
ance. 

The above-mentioned olefin polymer (B) in the olefin polymer compositions according to the present invention may 
10 be a pdtyrher produced using a catalyst con^ising . for example. 

(a) 

(a-1) a compound of a transition metal from Group 4. of the periodic table, which contains a ligand having a 
. 15 cyclopentadienyl skeleton, or 

(a-2) a titanium catalyst component containing magnesium, titanium, and halogen, 

(c) at least one compound selected from among (c-1) organic aluminum oxycompounds, (c-2) alkylboronic acid 
derivatives, and (c-3) compounds reacting with the transition metat compound to form ah ion pair, and if necessary, 
20 (d) an organometalGc compound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory drawing which shows one example of the producing process for the ol^in polymerization 
25 catalysts according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The olefin polymerization catalysts, olefin polymerization methods using the catalysts, olefin polymer compositions 
30 and heat molded products made by heat molding the composition according to the present invention shall now be 
described specifically 

In the present specification, the term "polymerization" may refer not only to homopolymerization but also to copoi- 
ymerlzation inclusively and the term "polymer" nnay refer not only to a homopolymer but also to a copolymer irwiusively. 
The olefin polymerization catalysts according to the present invention are formed from: 



35 
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(a) 



(a-1) a compound of a transition metal from Group 4 of the periocfic table, which contains a ligand having a 
cyclopentadienyl siceteton, or 
40 (a-2) a titanium catalyst component containing magnesium, titanium, and halogen. 

(b) a compound of a transition metat from any of Groups 8 to 10 of the periodic table. 

(c) at least one compound selected from among (c-1) organic aluminum oxycompounds, (c-2) alkylboronic acid 
derivatives, and (c-3) compourxis reacting with the transition metal compound tb.form an ion pair, and if necessary, 

45 (d) an prganometalBc compound. 

First, the respective catalyst components that form the olefin polymerization catalysts of the present invention shall 

be descrbed. 

so (a-1) Compound of a transition metal from Grou p 4 oi the periodic table 

The conpound (a-i) of a transition metal from Group 4 of the periodic table that is used in the present invention is 
a transition metal compound that contains a ligand having a cyclopentadienyl skeleton of the following general formula 
(IM): 



M^L^ (IH) 
In the above formula. M"* indk:ates a transition metal atom setected from among Group 4 of the periodic table. To 
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be more spedfic, is rirconium. titanium, or hafnium and is preferably zirconium. 

X indicates the val«ice of transition metal atom and indicates the number of ligand L cdorcfinated to transition 
metal atom M*". 

5 L indicates a ligand coordffiated to the transition metal atom and al least one ligand L is a ligand having a cyclopen- 

tarilenyl skeleton and L other than the ligand having a cyclopentadienyi skeleton is a hydrocarbon group of 1 to 20 
caitK>n atoms, a halogenated hydrocarbon group of 1 to 20 cartjon atoms, an oxygen-containing group, a sulfur- 
containing group, a sfliconKX>ntaining groip. a hatogen atom, or a hydrog 

10 Alkyl-substituted cyclopentadienyi groups, such as cyclopentadienyi group, methytayddpentadienyl group, dimeth- 
ylcyclopentadienyi group, trlmethyteydcpentadienyl group, tetramethylcydopentadienyl group, pentamethylcydopenta- 
dienyt group, ethyicyclopentadienyl group, methylethyicydopentadienyl group, propylcydopentadienyl group, 
methylpropylcydopentadienyl group, butylcyclopentadienyl group, methylbutylcydopentadienyl group, hexylcyclopenta- 
dienyl group, etc.. as vvell as indenyl group. 4.5.6.7-tetrahydroindenyl group, fluorenyl group, etc.. nray be given as 
IS examples of ligands having a cyddpentadienyl skelelon. These groups may be substituted by a (halogenated) hydro- 
cartDon group of 1 to 20 carbon atoms, an oxygenK»ntaining group, a sulfur-containing group, a silicon-containmg 
. group, a halogen atom, etc. . 

If the conpound expressed by the above general formula (11-1) contains tao or rrwre ligands having a cyclopenta- 
dienyi skeleton, two of such ligands having a cydopentadienyl skeletdn may be bonded to each other via a divalent 
20 bonding group such as a (substituted) alkylene group, a (substituted) silylene group, etc. Transition metal compounds 
of the general formula (11-3). to be described later, may be given as examples of the transition metal compounds In 
which two ligands having a cydopentadienyl skeleton are bonded via a divalent b^^ 

the foDowing spedfic examples can be given as the ligands L other than those having a cydopentadienyl skeleton. 
That is. exanples of hydrocarbon groups having 1 to 20 carbon atoms include alkyi groups, cycloalkyi groups, alke- 
25 nyl groups, arylalkyl groups, aryl groups, etc.. and to be more specific. 

alkyI groups, such as methyl, ethyl, propyl. Ixityl. hexyl. octyl. nonyl, dodecyl. eicosyl. etc.; 
cycloalkyi groups, such as cyclopentyl. cyclohexyl, nortDornyl. adamarrtyl. etc.; 
alkenyl groups, such as vinyl, propenyt, cyclohexenyl. etc.; 
so arylalkyl groups, such as benzyl, phenylethyl. phenylpropyl. etc.; and . 

aryl groups, such as phenyl, tolyl. dimethylphenyl. trimethylphenyl, ethylphenyl, propyiphenyl. biphenyl, naphthyl, 
methytnaphthyl^ anthryl. phenanthryl, etc. ^ 

TTie above-mentioned hydrocartwn groups of 1 to 20 cartjon atoms which are substituted by a halogen or halogens 
35 may be given as examples of halogenated hydrocarbon groups of i to 20 carbon atoms. 

HydrQxyl group; alkoxy groifDS. such as methoxy. ethoxy, propoxy. butoxy. etc.; aryloxy groups, such as phenoxy. 
methylphenoxy, dimethytphenoxy. naphthoxy. etc.; and arylalkoxy groups, such as phenylmethoxy. phenyl ethoxy. etc. 
can be given as examples of oxygen-containing groups. 

The above-mentioned oxygen-containing groups in which the oxygen is replaced by sulfur, as well as sulfonate 
40 groups, such as methylsulfbnate, trifluoromethylsulfonate. phenytsulfbnate. benzylsulfonate. p-toluenesulfonate. tn- 
methylbenzenesulfonate. triisobutylbenzenesulfonaie. p-chlorobenzenesulfonate, pentafluorobenzenesulfonate. etc.; 
and sulfinate groups, such as methylsulfinate. phenylsulfinate, benzylsutfinate, p-toluenesulfinate, trimethylbenze- 
nesulfinate. pentaf luorobenzenesutf inate. etc., can be given as examples of sulfur-containing groups. 

Monohydrocarton-substituted silyls, such as methylsilyl, phenylsilyi. etc.; dihydrocarbon-substrtuted silyls, sudi as 
45 dimethylsilyl. diphenylsilyl. etc.; trihydrocarbon-substrtuted silyls. such as trimethylsilyl. triethytsilyl. tripropytsllyl. tricy-. 
clohexylsilyl. triphenylsllyl. dimethylphenylsllyl. methyldiphenylsilyl. tritolylsilyl. trlnaphthylsilyl. etc.; silyl ethers of hydro- 
carbon-substituted silyls. such as trimethylsilyl ether, etc.; silicon-substituted alkyl groups, such as trimethylsilylmethyl. 
etc.; and silicon-substituted aryl groups, such as trimethylphenyl. etc ; can be given as examples of silicon-containing 

groups. 

so Ruorine atom, cWorlne atom, bromine atom, iodine atom, etc.. can be given as examples of halogen atoms. 

The transition metal compounds wherein the valence of the transition ntetal is 4 are indicated more specifically, for 
exarnple. by the fbllpwing general formula (11-2): 



55 



R31r32r33r34m1 (11-2) 

In the above formula, Indicates a transition metal atom selected Irom among elements of Group 4 of the perkxfic 
table as mentioned above, and is preferably a zirconium atom. o 

indicates a group (Rgand) with a cydopentadienyl skeleton, and R^^. R^s^ and R^* may be the same as or dif- 
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ferent from each ottier and are each a group {ligand) having a cyciopentadienyi skeleton, (halogenated) hydrocartx>n 
group of 1 to 20 caibon atonis, oxygen-containing group, sulfur-containing group, silicon-containing group, halogen 
atom, or hydrogen atom. 

in the present invention, it Is preferable to use as the transition nnetal compound indicated by the above general for- 
mula (11-2), a compound in which at least one among R^^, R^^, and R^ rs a group (ligand) having a cyciopentadienyi 
skeleton, for example, a compound in which R^'^ and R^ are groups (ligands) having a cyciopentadienyi skeleton. Also 
in the case where R^'' and F^^ are groups (iigahds) having a cyciopentadienyi skeleton, it is preferable for each of R^^ 
and r2* to be a group having a cyclopentadlenyt skeleton, ah alkyi group, a cydoaDcyl group, an alkenyl group, an ary* 
iaikyi gfPMP, an aryi group, an alkoD^ group, an aryloxy grdupt a trialkylsilyl group, a sulfonate groups a halogen atom, 
or a hydrogen atorn. 

Specif ic examples of transition rtietal compounds eocpressed by the above general fomnuta (11-1) in which is zir- 
conium include: 



bis(indenyl)zirconiuin dichlbr^ 

bi s { indeny 1 } z ir coniijin dibromide , 

bis (indenyl ) zirconiuin bis {p-t:oluenesulfonate) , 

bis (4 , 5, 6, 7--tiet^raihydroindenyl) zirconixim dichloride, 

bis(fluprenyl)2irconiim dichldr 

bis (cyciopentadienyi) ziz-conium dichloride, 

bis (cyciopentadienyi) 2 ircGnium dibromide* 

bis (cyciopentadienyi) metbylzirconium monochloride, 

bis ( cyciopentadienyi ) ethyl zirconiuin moiipchloride , 

bis (cyciopentadienyi ycycloheixylzircbnium 

mondchlor ide , 

.bi s ( eye 1 open tadi. enyl )phenyl z i rconiuin monochloride ^ 
bi s ( cyclopen tadi ehy 1 ) benzyl z ire onium monochl or ide , 
bis (cybiopentadienyl) zirconiuin nionpchloride 

mdnohydride, 

bis (cyciopentadienyi )methyl2ircdnitiin monochldride 
monohydr ide , 

bis (cyciopentadienyi ) dimethylzircdnium, 
bis ( cyciopentadienyi ) diphenylz irconium^ 
bis ( cyciopentadienyi ) dibenzylz irconium. 
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bis (cyclopentadienyl) zirconium methoxychlbride, 

bis (cyclopentadienyl) zircorLiuiti ettioxy chloride, 

bis (cyclopentadienyl) zirconiiam 

bis (methanesulf onate) « 

bis (cyclopentadienyl) zirconium bis (p- 

toluenesulfonate) , 

bis (cyclopentadienyl ) zirconiim 
bis (trifluoromethanesulfonate) , 

bis (methylcyclopentadienyl ) zirconium dichloride , 
bis (dimethylcyclopentadienyl ) zirconium dichloride , 
bis (dimethylcyclopentadienyl ) zirconium 
ethoxychloride , 

bis (dimethylcyclopentadienyl ) zirconium 
bis ( trifluoromethanesulfonate) / 

bis (ethylcyclopentadienyl) zirconium dichloride, 
bis (methylethylcyclopentadienyl) zirconium 
dichloride, 

bis (propylcyclopentadienyl) zirconium dichloride, 
bis (methylpropylcyclopentadienyl ) zirconiiam 
dichloride, 

bis (butylcyclopentadienyi) zirconium dichlorid^, 
bis (me thylbutyl cyclopentadienyl ) zirconium 

dichloride, 

bis (methylbutylcyclopentadienyl ) zirconium 

bis (methanesulf onate) , 
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bis {trimethylcyclopentadienyl) zirconium dichloride^ 
^ bis ( tetraiciethylcyclopentadienyl) zirconium 

dichloride, ^ 

bis (pentamethylcyclopentadienyl ) zirconium 

10 

dichloride, 

bis (hexyicyclopentadienyl ) zirconium dichloride, 
bis ( trimethylsilylcyclopentadienyl) zirconium 
dichloride, etc. 

2Q ' 

In the examples given above, the disubstituted forms of the cydopentadienyl rings Include 1 ,2- and i .3-SLJbstituted 
forms and the trisubstftuted forms include 1.2.3- and 1 ,2,4-substitLrted forms. AlkyI groups, such as propyl, butyl, etc., 
Include n-, i-, sec-, tert-, and other isomers. 
25 The zirconium compounds given above in which the zirconium Is replaced by titanium or hafnium may also be given 
as other examples of transition nrietal compounds expressed by the above formula (n*l). 

Compounds of the following fonmula (11-3) may be given for example as transilibn metal compounds in which two 
ligands having a cydopentadienyl skeleton are bonded via a t>ivalent bonding group. 



35 



40 




(II-3) 



45 



In the above formula, Indicates a transition metal atom from Group 4 of the periodic table, and to be more spe- 
cific, indicates zirconium, titanium, or hafnium, and is preferably zirconium. 

so R^^, R^®, and R^^ may be the same as or different from each other and are each a hydrocarbon group of 1 to 20 
cartxsn atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, sulfur-containing 
group, silicon-containing group, nitrogen-containing group, phosphorus-containing group, halogen atom, or hydrogen 
atom. Of the groups R^*^. R^, R^^. and R^^ the adjacent groups may be partially connected to form a ring together with 
the cart>on atoms borxied to the groups. Although each of R^®. R^^, R^^. and R^^ is indicated at two positions, for exam- 

55 pie, R^^ and R^^ nnay be the same as or different from each other. Of the groups indicated by R, those provided with 
the same symbol indicate preferable combinations in cases where a ring is to be formed. 

The alkyi groups, cycloalkyl groups^ alkenyl groups, arylaikyt groups, aryl groups, etc., described for L can be given 
as examples of hydrocarbon groups of 1 to 20 carbon atoms. 
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Fused benzene ring, naphthalene ring, acenaphthene ring, indene ring. etc.. and those in which one or more hydro- 
gen atoms on the above-mentioned tused rings are substituted by alkyi groups, such as methyl, ethyl, propyl or ^^ij- 
can be ^ven as exanrples of rings that are formed by partial connection of the acQacent groups arnong R . R . R*^ . 
and R^^ together with the carbon atoms bonded to these groups. 

The above-marTtioned hydrocarbon groups of 1 to 20 caitaon atoms which are substituted by a halogen or halogens 
may be given as examples of halogenated hydrocartx>n groups of 1 to 20 carbon atoms. 

The alkoxy groups, aryloxy groups, arylalkoxy groups, etc., described for L, and hydroxyl groi^) can be given as 
examples of oxygen-containing groups. 

The above-mentioned oxygen-containing groups in which the oxygen Is replaced by suHur can be given as exam- 
ples of sulfur-containing groups. 

The monohydrocarbon-substituted silyls. dihydrocarbon-substituted silyls, trihydrocarbon -substituted silyls, silyl 
ethers of hydrocarbon-siisstituted silyls. silicon-substitutal alkyI groups, silloon-subslituted aryl groups, etc.. described 
for L can be given as examples of the silicon-containing group. 

Amino group; alkylamino groups, such as methylamino, dim ethyl amino, diethylamino. dipropylamino. dibutylamino, 
dlcycbhexylamino. etc.; arylamino or alkylarylamino groups, such as phenylamino, dphenyiamino, ditolylamino. 
dinaphthylamino, methylphenylamino. etc.; can be given as examples of nitrogen-containing groups. 
. Phosphino groups, such as dimethylphosphino, diphenylphospWno. etc.. can be given as examples off phosphorus- 
containing groups. 

The same halogen atoms described for L can be given as examples of halogen atoms. 

Among the above, hydrocarbon groups of 1 to 20 cartx)n atoms, and hydrogen atom are preferable, and benzene 
rings formed by the partial oonnectfon of the adjacent groups among R^^ R^^. R^^. and R^^ and those in which one or 
more hydrogen atoms on the benzene ring are substituted by alkyI groups such as m^hyl. ethyl, n-propyl. Iso-propyl, 
n-butyl. iso-butyl, or tert-butyl, etc., are particularly preferable. 

X3 and may be the same as or different from each other and are each a hydrocarbon group of i to 20 cartDon 
atoms, halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing groip, sulfur-containing group, sil- 
icon-containing group, hydrogen atom, or halogen atom. 

The alkyl groups, cycloalkyi groups, alkenyl groups, arylalkyi groups, aryl groups, etc.. described for L can be given 
as examples of hydrocartxan groups of 1 to 20 carbon atoms. 

The above-mentioned hydrocart^on groups of 1 to 20 carbon atoms which are substHuted by a halogen or halogens 
may be given as examples of halogenated hydrocarbon groups of 1 to 20 carbon atoms. 

The alkoxy groups, aryloxy groups, arylalkoxy gjroups. etc., described for L, and hydroxyl group can be given as 
examples of oxygen-containing groups. . . 

The sulfonate groups and sulfinate groupe described for L and the above^nentioned oxygen-containing groups in 
which the oxygen is replaced by sulfur can be given as examples of sulfur-containing groups. 

The silicon-substituted alkyl groups and siltoon-substituted aryl groups described for L can be given as examples* 
of silicon-contairiing groups. 

The same halogen atoms described for L can be giver as examples of halogen atorrs. 

Among the above, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, or a sulfonate group is preferable, 
indicates a bivalent hydrocarbon group of 1 to 20 cartDon atoms, bivalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, bivalent silicon-containing group bivalent germanium -containing group, bivalent tin-containirig 
group -0-. -CO-. -S-. -SO-. -SOg-. -Ge-. -Sn-. -NR^^-. -P(R^^)-. -P(0)(R2^-. -BR^^-. or -AIR^3-(where the groups R^^ 
may be the same as or different from each other and are each a hy*ocaibon group of l to 20 carbon atoms, halogen- 
ated hydrocarbon group of 1 to 20 cariaon atoms, hydrogen atom, or halogen atom). 

Alkylene groups, such as methylene, dimethylmethyiene, 1 ,2-ethylene. cfimethyM ,2-elhylene, 1 ,3-trimethylene. 
1.4-tetramethylene. 1 .2-cyclohe)onene. 1.4-cydohexylene, etc.; and arylalkylene groups, such as diphenylmethylene. 
diphenyl-l.2-ethylene. etc.. can be given as examples of bivalent hydrocarbon groups of 1 to 20 caibon atoms. 

The above-mentioned bivalent hydrocarbon groups of 1 to 20 carbon atoms which are halogenated. such as chlo- 
romethylene, etc. can be given as specHic examples of bivalent halogenated hydrocarbon groups of 1 to 20 carbon 
atoms. 

Alkylsllylene alkylarylsilylene. and arylsilylene groups, such as silytene, methylsilylene. dimethyisilylene. diethylsi- 
lylene di(n-propyl)silylene. di(i-propyl)silylene. di(cyclohexyl)silylene. melhylphenylsilylene. diphenylsilylene, di(p- 
tolyl)silylene. di(p-chlorophenyl)silylene. etc.: and alkyldisilylene. alkylaryldisilylene. and aryldisilylene groups, such as 
tetramethyl-l,2-disiiylene. tetrapheny1-l,2-disilylene. etc.. can be given as examples of bivalent silicon^ntairung 

groups. • u 

The above-mentioned bivalent silicon-comaining groups in which the silicon is replaced by germanium can oe 

given as examples of bivalerrt germaniurrvcontaining groups. 

The above-mentioned bivalent sUicon-containing groups in which the silicon is replaced by tin can be given as 

examples of .bivalent tin^containing groups. 



11 



EP0 893 455A1 

R^^ is a hydrocarbon groip of T to 20 carbon atoms, halogenated liydrocarbon group of 1 lb 20 caibon atoms, or 
halogen atora and examples thereof include those described for L 

Among the above^ a substituted siiytene group, such as dimethyfsitylene. diph nylsilylene. methylphenylsilylene. 
etc.. Is particularty favorat3le. 

Specific examples of transition metal corrpounds expressed by the above formula (11-3) include: 

Ethylene-bis ( indenyl) dimet:hylzirconi\im, 

ethylene-bis (indenyl) zirconiojin dichloride, 

ethylene-bis (indenyl ) zirconium 
bis(trifluorometbanesulfonate) , 

et;hylene-bis (indenyl ) zirconiiJin 
bis (jnethanesulf onate) / 

ethylene-bis { indenyl ) zirconium bis (p- 
toluenesulfonate) , , 

ethylene-bis (indenyl) zirconium bas(p- 
clilorobenzensulforiate) , 

ethylene-bis ( 4; 5 , 6 , 7 -tetrahydro indenyl) zirconium 
dichloride, 

i sopropy 1 idene - 
(cyclopentadienyl) {f luorenyl) zirconivxm dichloride, 

i sopropy 1 idene - 
(cyclopentadienyl) (methyl cyclopentadienyl) zirconium 
dichloride. 



EP0893455A1 



ddUnethylsilylene-"bis {cyclopent:adienyl) zircon^ 

dichlbride, 

dime thyl s ilylene- 
bis (methylcyclopentadienyl) zirconium dichloride, 

dimethylsilylene- 
bis (dimethylcyclopentadienyl) zirconium didhloride, . 

dimethylsilylene- 
bis (trimethylcyclopentadienyi) zirconi\im dichloride, 

dimethylsilylene-bis (indenyl) zirconiuin dichloride/ 
dimethylsilylene-bis (indenyl) zirconium 

bis(trifluoromethanesulfonate) , 

dimethylsilylene;-bis (4, 5, 6, 7- 
tetrahydrpindenyl) zirconium dichloride, 

dime thy 1 s i Xylene - 
bis <cyclopentadienyl) (fluorenyl) zirconium dichloride, 

diphenylsilylene-bis ( indenyl ) zirconium dichloride, 

methylphenylsilylene-bis ( indenyl) zirconium 
dichloride, 

rac-dimethylsilylene-bis (2 , 3 , 5- 
trimethylcyclopehtadienyl) zirconium dichloride, 

rac -dimethylsilylene-bis (2,4,7- 
trimethylcyclopentadienyl) zirconium dichloride, 

rac-dimethylsilyiene-bis (2-methyl-4-tert- 
butylcyclopentadienyl) zirconium dichloride, 

i s opr opy 1 idene- 
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(cyclopentadienyl) (fluorenyl) zirconium dichloride, 

dimethylsilylene- (3-tert- 
butylcyclopentadienyl) (indenyl) zirconium dichloride, 

isopropyiidene- (4-methylcyclopentadienyl) (3- 
methylindenyl) zirconium dichloride, 

isopropylidene- (4-tert-butylcyclopentadienyl) (3- 
methyl indenyl) zirconium dichloride, 

. isopropylidene- (4-tert-butylcyclopentadienyl) (3- 
tert-butylindenyl) zirconium dichloride, 

dimethylsilylene- (4-methylcyclopentadienyl) (3- 
methyl indenyl} zirconium dichloride, 

dimethylsilylene- (4- tert-butylcyclopentadienyl) (3- 
metbyl indenyl) zirconium dichloride, 

dimethylsilylene- ( 4- tert-butylcyclopentadienyl ) { 3 - 
tert-butylindenyl) zirconium dichloride, 

dimethylsilylene ( 3 -tert- 
butylcyclopentadienyl ) (fluorenyl) zirconium dichloride, 

is ©propyl idene ( 3 -tert- 
butylcyclopentadienyl) (fluorenyl) zirconium dichloride, 
etc . 

The above-mentioned compounds in which the zirconium is replaced by ttanium or hafnium can also be given as 
examples. 

Transition metal compounds of the following general formula (11-4) or (11-5) can be given as further specific exam- 
ples of the trarisition metal compounds of formula (11^3) given above. 
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In lormula (11-4). indicates a transition metal atom of Group 4 of the periodic tatsle and is specifically titanium, 
zirconium, or hafnium and preferably zirconium. ^'^ ^ 

The group R^^ may be the same as or different from each oth^ and are each a hydrocarbon group of 1 to 6 carbon 
atoms, and 

alkyi groups, such as methyl, ethyl, n-propyl. Isopropyl. n-butyl. isobutyl. sec-butyl, tert-butyl. n-pentyl. neopentyl. 
n-he3fyi, cyclohexyi. etc.; and altenyl groups, such as vinyl, propenyl. etc.. can be given as ^ecific examples. 

Among ihe above alkyI groups in which the cartxjn atom bonded to the indenyl group is a primary carbon atom are 
preferable, such alkyI groups of 1 to 4 carbon atoms are more preferable, and methyl groi43 and ethyl group are partic-. 
I liar! V Dreferable. 

R'*^. R**, R^, and R^ may be the same as or differerit from each other and are each a hydrogen atom, halogen 
atom or a hydrocarbon group of i to 6 carbon atoms, such as those described fbr R'^V ■ 

The groups R*^ may be the same as or diRerent from each other and are each a hydrogen atom or an aryl group 
of 6 to 16 cart>on atoms, and 

phenyl a-naphthyl. p-naphthyl. arrthryl, phenanthryl. pyrenyl. acenaphthyl. phenalenyl. aceanthrylenyl. tetrat^ro- 
naphthyl. indanyl. biphenylyl. etc.. can be given as specific examples. Among the above, phenyl, naphlhyl; anthryl. 
and phenanthryl are preferable. 

The above aryl groups may be substituled wKh a hatogen atom, such as fluorine, chtorine. bromine, iodine, etc.; 

a hydrocartwn grotp of 1 to 20 carbon atoms, for example, an alkyI group, such as methyl, ethyl, propyl, butyl, 
hexyl cyclohexyi. octyl. nonyl. dodecyl. eicosyl. norbornyl. adamantyl. etc.; an alkenyl group, such as vinyl, prope- 
nyl cyclohexenyl. etc.; an arylalkyi group, such as benzyl, phenylethyl. phenylpropyl. etc.: or an aryl group, such as 
phenyl, tolyl. dimethylphenyl. trimethy (phenyl, ethylphenyl. propylphenyl. biphenyl, a- or p-naphthyl. f"e^y^"aph- 
thyl, anthryl. phenanthryl. benzylphenyi. pyrenyl. acenaphthyl, phenalenyl. aceanthrenyl. tetrahydronaphthyl, inda- 
ryl. bipheriylyl, etc.; or 

an organic sllyl group, such as trimethylsilyl, triethylsilyl, triphenylsilyl, etc. *^ v3 ^ y4 • 

and may be the same as or different from each other and are the same groups as described for X and X in 
general formula (11-3) given above. Amohg such groups, each of X^ and X^ is preferably a halogen atom or a hydro- 
. carbon group of 1 to 20 carbon atoms. v/i • * 

Yi Is the same groups as described for in general formula (11-3) given above. Among such groups. Y is prefer- 
ably a bivalent silicon-containing group or a bivalent germanium-containing group, more preleraWy a bivalent sili- 
con-cpntainlng group, and particularly preferably an alkylsilylene. alkylarylsilylene. or arylsHylene. 

SpecHic exanples off transition metal compounds expressed by general fbrmula (lt-4) given above include: . 
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. rac-dimethylsilylene-bis{l- (2-inethyl-4 
phenyl indenyl) ) zirconium dichloride, 

rac -dimethylsily lene -bis { 1 - ( 2 -methyl - 4 

naphthyl) indenyl) } zirconium dlchloride. 
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. »<=-diinethylsilylene-bis{l-(2-methyl-4-0- 
naphthyDindenyl) yzirconiiim. dichloride, 

rac-dimechylsilylene-bisd- (2-inethyl-4- (1- 
aiitliryl)indeayl) ) zirconium dichloride. 

rac-dimethylsilylene-bis { 1- ( 2-roethyl -4- (2- 
anthryl ) indenyl )} zirconium dichloride , 

rac-dimethylsilylene-bis {1- (2-methyl-4- {9- 
anthryl) indenyl) }zirconiinn dichloride, 

rac-dimethylsilylene-bis{l- (2-methyl-4- (9- 
phenanthryl) indenyl) ) zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-methyl-4- (p- 
f luorophenyl } indenyl ) } zirconium dichloride , 

rac -dimethylsilylene-bis { 1- ( 2 -methyl-4- 
{pentafluorophenyl ) indenyl) } zirconium dichloride, 

rac-dimetlQrlsilylene-bisd- (2-met:hyl-4- (p- 
chlorophenyl ) indenyl ) } zirconium dichloride , 

rac-dimethylsilylen€-bis{l- (2-methyl-4- {m- 
chlorophenyl) indenyl) )zirconiiim dichloride, 

rac-dimethylsilyl6ne-bi^{l-(2-inethyl-4-(o- ' 
chlorophenyl) indenyl) >zirconium dichloride. 

rac-dimethylsilylene-bis { 1- (2-methyl-4- {o,p- 
dichlorophenyl ) indenyl ) } z irconium dichloride , 

rac-dimethylsilylene-bis {l-(2-methyl-4-(p- 
bromophenyl ) indenyl ) } zirconium dichloride , 



17 



EP0 893 455A1 



rac-dimethylsilylene-bis { 1- { 2-methyl-4- (p- 
tolyDindenyl) }zirconi\Jin dichloride, 

rac-diinethylsilylene-bis{l- (2-inethyl-4- (m- 
tolyl) indenyl ) } zirconium dichloride , 

rac-dimethylsilylene-bis{l- (2-methyl-4- (o- 
tolyl) indenyl )} zirconium di chloride, 

rac-dimethylsilylene-bisd- (2-methyl-4- (o, o ' - 
dimethylphenyl) -1 -indenyl) }zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-met:hyl-4- (p- 
ethylphenyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- <2-met:hyl-4- (p-i- 
propylphenyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-methyl-4- (p- 
benzylphenyl) indenyl) }zirconi\im dichloride, 

rac-dimetlvlsilylene-bis{l- (2-methyl-4- {p- 
biphenyl) indenyl) > zirconium dichloride, , ; 

rac-dimethylsilylene-bisd- (2-inethyl-4- {m- 
biphenyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis £ 1- ( 2 -met:hyl-4'- {p- 
triinethylsilylphenyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-methyl-4- (m- 
trimethylsilylphenyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-phenyl-4- 
phenylindenyl ) ) zirconium dichloride , 
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rac -diethylsilylene-bis { 1- { 2 -methyl- 4- 

phenylindenyl ) } zirconium dichloride , : 

rac-di- (i-propyl) silylene-bisCl- (2-methyl-4- 

phenylindenyl) }zirconiiam dichloride, . 

rac-di- (n-butyl) silyiene-bis{l- (2-methyl-4- 
phenylindenyl) } zirconium dichloride, 

rac-dicyclohexylsilylene-bis {1- (2-metJiyl-4- 
phenylindenyl ) } z irconium dichloride, 

rac-methylphenylsilylene-bis{l- {2-methyl-4- 
phenyl indenyl )} z irconium dichloride , 

rac-diphenylsilylene-bis{l- (2-inethyl-4- 
phenyl indenyl )} z irconium dichloride , 

r ac -di { p - 1 o ly 1 ) s i ly 1 ene -bi s { 1 - ( 2 -me thy 1 -4 - 
phenylindenyl) } zirconium dichloride, 

r^c- (p-chlorophenyl) silylene-bis{l- (2-methyl 
phenylindenyl )'} zirconium dichloride , 

rac-methylene-bis{l- (2-methyl-4- 
phenylindenyl)} zirconium dichloride, 

rac-ethylene-bis{l- (2-methyl-4- 
phenylindenyl) } zirconium dichloride, 

rac -dime thy Igermyleiie-bis { 1- ( 2 -me thy 1-4- 
phenylindenyl ) ) zirconium dichloride, 

rac-diroethylstannylene-bis {1- (2-methyl-4- 
phenylindenyl)} zirconium dichloride, 
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rac -diine thy 1 s ilyl ene^bis { 1 ^ { 2 ^me thyl -4 - 
phenylindenyl) } zirconium dibromide, 

rac -dime thy 1 s i ly 1 ene -b i s { 1 - ( 2 -me thy 1 ^ 4 - 
phenylindenyl) } zirconium dimethyl, 

rac-diniethyls ilylene-bis { 1- (2^methyl -4- 
■ phenylindenyl) } zirconiura methylchloride/ 

rac -dimethyls ilylene-bis { 1- { 2-methyl -4 - 
phenylindenyl) } zirconiura chloride S02Me, 

rac -dimethyls i lyl ene -bi s { 1 -( 2 -me thyl - 4 - 
phenylindenyl) } zirconium chloride 0S02Me^ 

rac -dime thyls i lylene -bi s { 1 - ( 2 -e thyl - 4 - 

phenylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{i- (2-ethyl-4- (a- 

naphthyD indenyl) } zirconium di chloride, 

- rac-dimethylsilylene-bis{l-^(2-ethyi--4- (p 

35 naphthyl) indenyl ) ) zirconium dichloride, 

rac -dimethyl s i ly 1 ene-bi s { 1- { 2 - ethyl - 4 - ( 2 -methyl - 1 
hapht'hyl ) indenyl ) } zirconium dichlor ide , 

rac -dijne thyl^ilylene-bis { 1 - { 2 - e thyl -4 - ( 5 - 
acenaphthyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l-(2-ethyl-4- (9- 
anthryl ) indenyl ) } zirconium dichloride / 
50 rac-dimethylsilylehe-bis { i- (2-ethyl-4- { 9- 

phenanthryl) indenyl) ) zirconium dichloride, 
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rac-dimetl«/lsilylene-bi^ 
methylphenyi) indenyl) izirconixjm dichloride, 

* rac-dimetliylsiiylene-bis{ 1- (2-ethyl --4- Cm- 
methylpbeiiyi ) iiideny 1 ) } zirconium dichloride f . 
: ; rac-dimethylsilylene-bis{l-C2 (P- 
icie thy Ipheny 1 ) indenyi ) 1 zirc 

rac-dimethylsilylene-bis{l- (2^ethyl-4- {2 / 
diinethylphenyl ) indenyl ) } zirconium dichloride , 

rac-dimetbylsilylene^bis{l^ (2-ethyi-4-^ (2, 4- 

dimethylphenyl) indenyl) ) zirconium dichloride, 

. rac--dimethylsiiylene-bistl- (2-ethyl-4- { 5- 
. dimethylphenyl ) indenyl) } zirconium dichloride , 

ra<i-dimethylsilylene-bis {1- {2-ethyl-4- (2 
triitiethylphenyi)indeny^^ dichloride, 

rac --dime thy Is i ly lene-bi s { 1 - ( 2 -e thy 1 ^ 
chlorophenyi ) indenyl ) } zirconium dichloride , 

-rac-dimethylsilylene-bis{l- (2-ethyl-4- (m^ 
chlorophenyi) iiidenyl) } zirconium dichloride r , 

rkG-dimethylsilylene-bis {l^ (2-ethyl-4 
chlorophenyi) indenyl) }zircbniv^ dichlorid^, . ' 

rac-dimethyisilylehe-bis{l-(2-ethyl-4- {2,1- 
dichlorophenyl) indenyl) } zirconium dichloride, 

rac-diitiethylsilylene-bis { 1- (2-ethyl-4 
dichlorophenyl > indenyl ) ) z irconium^di chloride , 
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rac-dimethylsilylene-bisCl- (2-ethyl-4- (3 , 5- 
dichloropheny 1 ) indeny 1 ) } z irconiiun dichlor ide , 

rac-diinet:h.ylsilylene-bis{l-{2-ethyl-4- {2- 
bf omophenyl ) indenyl ) } 2 irconium dichloride , 

rac -dime thylsi lyleiie -bi s { 1 - < 2 - ethyl - 4 - ( 3 - 
biromophenyl ) indenyl) ) zircon! \iin dichloride , 

rac-dimethylsilylene-bisd- (2-methyi-4- (p- 
bromophenyl ) indenyl ) } zirconiitm dichloride , 

rac-dixnethylsilylene-bis(l- (2-ethyl-4- (4- 
biphenylyl) iiidenyl) Izirconiiun dichloride, 

rac-dixnethylsilylene-bis(l- {2-ethyl-4- (4- 
tr imethylsilylphenyl ) indenyl ) } z irconium dichloride , 

rac-dimethylsilylene-bis {1- (2-n-propyl-4~ 
phenylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-n-propyl-4- (tt- 
naphthyl) indenyl) }zirconiiim dichloride, 

rac-dimethylsilylene-bis {1-^ (2-n-propyl-4- (P- 

naphthyl) indenyl) } zirconium dicliloride, 

rac-dimethylsilylene-bis {1- (2-n-propyl-4- (2-methyl- 
1-naphthyl) indenyl) }zirGonitim dichloride, 

rac-dimethylsilylene-bis {1- (2-n-propyl-4- {5- 
acenaphthyl) indenyl) }2irconium dichloride, 

rac-dimethylsilylene-bis {1- (2-n-propyl-4- (9- 
anthryl ) indenyl ) } zirconiiam dichloride , 
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rac-dimethylsilylene-bis{l- (2-n-propyl-4- (9- 

phenan thry 1 ) indeny 1 ) ) z irconium dichlor ide , 

rac-dimethylsilylene-bis { 1- { 2- i-propyl-4- 

phenylindenyl) ) zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-i-propyl-4- {a- 

naphtJiylOindenyl) )zirconiim dichlor ide, 

rac-diitiethylsilylene-bisd- (2-i-propyl-4- (p^ 

naphtbyDindenyl)} zirconium dichlor ide/ 

rac-dimethylsilylcne-bis{l- (2-i-propyl-4- {8-methyl- 
9-naphthyl)indenyl) } zirconium : di chloride, 

rac-dimethylsilylene-bis{l- (2-i-propyl-4- (5- 
acenaphthyl) indenyl) }zirconiuin di chloride, 

• rac-dimethylsilylene-bis{l- (2-i-propyl-4- (9- 
anthryl ) indeny 1 )} z irconium dichloride , 

rac-dimethylsilylene-bis{l- (2--i-propyl-4- (9- 
phenaiithryiyindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-s-butyl-4- 

phenylindenyl) } zirconium dichloride, 

rac-dimethylsiiylene-bis{l- (2-s-butyl-4- (a- 

naphthyl) indenyl ) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-s-butyl-4- CP- 
naphthyDindenyl) )zirconium dichloride, 

rac -dime thyls ilyl ene-bis { 1- { 2 - s -butyl -4 - ( 2 -methyl - 
1 -naph thy 1 ) indenyl )} zirconium dichloride. 
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rac-dimethylsilylene-bisd- (2-s-butyl-^4- (5- 
acenaphtiiyl} indenyl) )zirconi\jm dichloride, 

r ac -dime thy 1 s i ly 1 ene -bis{l-(2-s -butyl - 4 - { 9 - 
anthryl) indenyl) } zirconium dichloride, 

rac-dimethylsilylefie^bisd- (2-s-butyl-4- (9- 
phenanthryl ) indenyl ) } z irconium dichloride , 

rac -dimethyls ilylene-bis { 1- { 2 -h-pentyl - 4 - 
phenyl i ndenyl ) ) zirconium dichloride, 

rac-diinethylsilylene-bis{l- {2-n-pentyl-4- (a- 

naphthylindenyl) ) zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-n-butyl-4- 

phenylindenyl ) ) zirconium dichloride , 

rac-dimethylsilylehe-bis {1- (2-n-butyl-4- <a- 

naphthyl ) indenyl ) } zirconium dichloride , 

rac-dimethylsilylene-bis {1- (2-n--butyl-4- ( P- 
naphthyl ) indenyl ) } z irconium dichloride , 

rac-dimethylsilylene-bis {1-^(2 -n-butyl -4 - ( 2 ^me 
1-naphthyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-n-butyl^4- {5- 
acenaphthyl) indenyl) }zirconivim dichloride, 

rac-dimethylsilylene-bis {1- (2-n^butyl-4- (9- 
anthryl ) indenyl ) ) zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-n-butyl-4- (9- 
phenanthryl ) indenyl ) ) zirconium dichloride , 
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rac -dimethyl s i lylene-bis { 1 -{ 2 - i -butyl- 4 - 

phenyl indenyl) } zirconium di chloride, 

rac-dimethylsilylene-bisd- (2-i-butyl-4- (a- 

. naphthyl ) indenyl ) } zirconium dichloride , 

rac-dimethylsilylene-bis{l-{2-i-butyl-4-(p- 

naphthyl ) indenyl ) } z irconium dichloride , 
J5 rac-diitiethylsilylene-bisd- (2-i-butyl-4- (2-inethyl- 

1-naphthyl) indenyl) ) zirconium dichloride, 
^ rac-dimethylsilylene^bis{l-(2-i-butyl-4-(5- 
acenaphthyl) indenyl) } zirconium dichloride, 

rac-dimethylsilylene-'bis {1- (2'i--butyl-4- (9- 
anthryl) indenyl) } zirconium dichloride, 

rac-dimethylsllylene-bis{l- {2-i-butyl-4- (9- 
^ phenanthryl) indenyl) }zirconix2m dichloride, 

rac-dimethylsilylene-bis{l- (2-neopentyl-4- 
gg phenylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-neopentyl-4- (a- 

naphthyl) indenyl) )zirconi\im dichloride, 

40 

r ac - dime thy Is i ly 1 ene- bi s { 1 - ( 2 -n-hexy 1 - 4 - 

phenylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2-n-hexyl-4- (a- 

naphthyl ) indenyl ) } zirconium dichloride , 
so rac-methylphenyisilylene-bis.{l- {2-ethyl-4- 

phenylindenyl) ) zirconium dichloride. 
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rac-iitiet*iylphenylsilyleiie-^^ (a- 



. . . % S - - naolithyl ) indehyl )j^±irconauro (iidlalor ide , 



^ ^fe i^-^- ^ '■ ^ . ^fc . ^^^^ -v.- 

/ - phenanthr^^ 
15 , rac-diphen^lsilyle^^ 

T/*^ /phiriylindenyi)^}zii:^.eoni\^ : , J 



nai^Hthyl ) inSfenyl ) ) z ircbnliifii dichipr ide , 
, . _ . - rae -dipfienyl s i^lyA'^e.-b i s {%:^l2 - ethyl -4 - ( 9 
: anthryl) indenyl) } zirconium di^ioride, 

. -.V..-,.- ■. ^ ■■ - , . 

rac-diphenylsilyleQe-'bis{l-(2-etliy,l-4-(9- 

. ' LMk§?4'- f rac-diBhenylsilylene f2:-ethyl-4- (4- 

^ = "BUpbenylyi rindenyr zircoSfiv^ ^^hipride . 



^ - A^?^: ^^r^:me;fhylene-^bisT[^^^ 

^ ■ --^pheny 1 inderiy i ) ) J^r-cdn iijm rdich^Sr ide , 

^ . rac-m€tliylene-bis.,{l- g;-ethy^^^ (a- 

^n^jpihth^l^ndenyl) } zircom^y^^^ 
. ..... - 3.=^ 

■-♦s \ ' rac-etlii^rene-bis{l- (2«ethyl-4- ' ' 

rphenylindenyl ) ,} z ir coni^^^ 
. : . rrac-ethy^^e--bis {£-«J2-^^^ (ttr- 

^ naph thyl ) indeny 1 ) } z irconium dichloride , 
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• rac-ethyiene-bis {l- (2-h^pr 
; naphthyl ) indiBnyl) ) zircon^ 

rac-dimethylgerTnylene-bis{l~ (2-et:hy 
. phenylindenyl ) ) zirconiiam^ 
rac-diinethylgerTfiyl^ 

. : ' ' : ; napHtbyl) indenyl) }zi dichloride/- ! ■ ' ^ { 

IS ' rac--dimethylgerntylene-bis{ 

, ' / phenylindenyl) } zirconium dichloride, etc^ ; 

' so . ■ ! J ' . ' ■ - • . " . * . * •". . .V ' ' ' ■ ■■ ■ ' - ■ ■ ' * 

The aboveHtientloned compounds in w^ich the ziroonjunri is replaced by tita or hafnium may also be given as 
examples. Meso-fbrms of such compounds may aiso be used. 

Though the racemic body of a transition metal conpound ©(pressed by the above general formula (11-4) is usually 
25 usedin thepresenl invention, the R-form or the S-form may also be used. 

Such transition metai conrpounds expressed by general formula (11^4) can be produced in accordance with the 
descriptions in the Journal of Organometallic Chem , 
' peahpatert published application No. 0*320.762. . ^ 

the transition metsd compound expressed by the genen^ 

30 . . - ' . ■ ' ' ' , , , ' ■ ^ 
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45 , ' . 

In the abpye fprmula, indicates a transition metal atom from Group 4 of the periodic table and Is specif ically tita- 
nium, zirconium, or hafnium arid preferably zirconium. 

R^^ and R^^ may be the same as or different from each other and are each a'hydrocarbon group of 1 to 20 carbon 
atoms, halogenated hydrocarbon group of 1 to 20 cartx>n atoms, oxygen-containing group, sulfur-containing group, sil- 
50, icoh-cdntaining group, nitrogen-containing group, phosphorus-containing group, halogen atom, or hydrogen atom, and 
the same atoms and groups as described for R^^ to P?^ can be given as specific examples. 

Among the above, R^^ is preferably a hydrocarbon group of 1 to 20 carbon atoms and more preferably a hydrocar- 
bon group of 1 to 3 carbon atonris, that is^ rhethyl, ethyl, or propyl. 

is preferably a hydrogen atom or hydrocartpon grdUp of 1 to 20 carbon atoms and particularly preferably a 
$5 hydrogen atoirn or a hydrocarbon group of 1 to 3 carbon atoms, that is, rriethyl, ethyl, or propyl. 

R^ and R^ may be the same as or diff rent from each other and are each an alkyl group or cycldalky! group of 1 
to 20 <^rt)on atoms. Specific exanrples include alkyl groups, such as methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, 
sec-butyt. tert-butyl. n-pentyl, neopentyl. n-hexyl, cyclohexyl. octyl. nonyl. dbdecyl, icosyl, etc.: and cycloalkyi groups. 
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such as norbornyt. adamantyl, etc. 

Among the abos^e; is preferably a secondary or tertiary alkyj 

and may be the sane as or different from each oth r and indicate the same groups as described for and 
X^ in general forrnuia (11-3) tfVBH above. 

indicates the same groups as described for Y** in general formula (11-3) given above. 
Specific examples of transltidh metal compounds of the general formula (11*5) given above Include: 

rac-dimethylsilylene-bis {1- (2 , 7^diinethyl-4- 
ethylindenyl) }2irconiunl diGhlbride,; ' 

rac-dimethylsilyltoe-bisil^ t^^ 
prppylindenyl) ) zirconium dichloride. 
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rac-dimethylsilylene-bisd- (2,7-diinethyl-4-i- 
propylindenyl) } zirconium dicliloride, 

rac-dimethylsilylene-bis {1- {2, 7 -dimethyl -4 -n- 
butylindenyl) } zirconium dichlorider 

rac-dimethylsilylene-bis{l- (2 , 7-dimethyl-4-sec 
butylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2, 7-dimethyl-4-t- 
butylindenyl) }zirconi\2m dichloride, 

rac-dimethylsilylene-bis{l- (2 , 7-dimethyl"4-n- 
pentylindenyl) } zirconium dichloride, 

rac-diinethylsilyiene-bis{l- (2, 7-dimet^lyl-4-n- 
hexyl indeny 1 ) ) z ir conium di chlor ide , 

r ac -dime thy Is ily lene -bi s { 1 - ( 2 , 7 -dime thy 1 - 4 - 
cyclohexylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2 , 7-dimethyl-4- 
methyl cyclohexylindenyl) ) zirconium dichloride, 

rac-dimethylsilylene-bis { 1- ( 2 , 7 -dimethyl-4- 
phenylethylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2, 7 -dimethyl -4 - 
phenyldichloromethylindenyl ) } zirconium dichloride, • 

rac-dimethylsilylene-bis{l- (2, 7-dimethyl-4- 
chloromethylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l- (2 , 7-dimethyl-4- 
trimethylsilylmethylindenyl) )2irconi\jffa dichloride. 
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rac-dimethylsilylene-bis{l- (2, 7-dimethyl-4- . 
trimethylsiloxymethylindenyl) }zirconi\im dichloride, 

rac-diet:hylsilylene-bis{l- [2 , 7^dimet:hyl-4-i- 
propylindenyl) ) zirconium di chloride, 

rac-di ( i-propyl ) silylene-bis { 1- ( 2^ 7 -dimethyl -4- i - 
propylindenyl) }zirconiijm dichloride, 

r ac -di { n -butyl ) s ily 1 ene -bi s { 1 - ( 2 , 7 -dimethyl - 4 - i - 
propyl indenyl )} zirconium dichloride, 

rac-di (cyclohexyl) silylene-bis {1- (2 , 7-dimethyl-4-i 
propyl indenyl )} zirconium dichlpride, 

rac-methylphenylsilylene-bis {1- (2> 7-dimethyl-4-i- 
propylindenyl) } zirconium dichloride, 

rac-methylphenylsilylene-bis {1- (2 , 7-dimethyl-4-t- 
butylindenyl) } zirconium di chloride, 

rac -dipheny 1 s i lylene -bis{l-(2,7 -dime thy 1 - 4 - 1 - 
butylindenyl) ) zirconium jdichloride, 

rac-diphenylsilylene-bis{l - (2 , 7-dimethyl-4-i- 
propylindenyl) } zirconium dichloride, 

rac -dipheny 1 s i ly 1 ene -bis { 1 - ( 2 , 7 -dimethyl - 4 - 
ethylindenyl) } zirconium dichloride, 

rac-di (p-tolyl)silylene-bis{l- (2, 7 -dimethyl- 4-i - 
propyl indenyl) }zirconiijm dichloride, 

rac-di (p-chlorophenyl ) silylene-bis {1- ( 2 , 7-dimethyl 
4 -i -propyl indenyl >} zirconium dichloride. 
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rac-diinethylsilylene-bis {1- (2-methyl-4-i-pro 
ethylindenyi) } zirconium dibrom^ 

rac -dimethyl s ilyle^ 
ethyliiideiiyl) }zirconiian^ dichloride, 

rac-dimethylsilyiene-bis{l- (2 , 3 , T-tri^ 
, prdpyiindenyi) J zir^ dichloride , 

rac-dimethylsilylene~bis{l--X2/ 3 , 7-trimethyl-4^^^ 
propyiind®nyl) }zirconiinn ]dichl^ 
: raG-dimethylsilylene-bis{l-(2/3,^ 
; butyl indenyl) } zirGpni\im d^^ . " \ 

rac-diinethylsilylehe-bis{i-{2/3,7-tri 
butylindenyl) }zirGoniuin dichloride, 

* raG-diniethylsilylenerbis{l-{2 , 3r 7-trim^ 
butylindenyi) )zirconiijm dichlorid . ' 

rac-diin^thylsilylejie-bis{l-^ (2> 3 ;7^tri^ 
pentiylindenyl) ) zirconiuin dichloride, 

rac-^dimethylsilylene-bisd- (2, 3 , 7 -triihe thy 1-4-n^ 
he3<ylindeoyl) } zirconi\im dichloride, 

rac-dimethyisilylene-bis{l-{2 ' 
cyclohexyllndenyinzirconii^ - 

rac-^diiaethylsilylene-bis{l- (2 , 3 , 7-trirn€thyl-4- 
raethylcyclohexylindenyl) ) zirconium dichloride, 

rac-diinethylsilylene-bis{l- (2, 3 , 7-trimethyl-4^ 
trimethylsily3jnethylindenyl) )zirconiim .dichipridey 
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rac-<3ijnet*ylsilylene-bis { 1 
txiraethylsiloxymethylindenyl ) } z ircohiiim dichloride , 
rac"-dimethylsilylene-bis{l- (2/3, 7-triIrlethyl-4- 
phenylethyllndenyl) }zircpniuin dichloride, 

rac^diniethylsiiylene-bis {l- (2,3, 7-trimet±iyl-4- 
phenylSichioromethylind^yl) dibhloride, 

rac-diniethyisilylene-bis{l- (2, 3, 7-trimethyl-4- 
Ghlorometh^ylindenyl) }zirconi\iin dichloride, 

^ rac-diethylsilyiene^bis{i-<2,3/7-trimethyl-4-i- 
propyliiidenyl) > zirconium dichloride, ' 

rac-di (i-propyl) silylene-bis{l- (2, 3, 7-triinethyl-4 
i-propylindenyl) )zii:coniuin dichloride, 

rac -di Cn'-butyX) s i ly lene-bi s { 1 - ( 2 , 3 , 7 - trimethy 1 -4 - 
propylindenyl) }zirconiuni dichloride, 

rac -di ( cy clohej^l ) s i ly i eiie -bis { 1 - ( 2 , 3 , 7 - tr ime thy! 
4-i-propylindenyl) }zirconiuin dichloride, 

rac-methylphenylsilylene-bisd- (2,3, 7-t;riinethyl-4 
i-prppylindenyl) } zirconium dichloride, 

rac-methylphenylsilylene-bis {i- (2^3, 7-triinethyl--4 
t-butylindehyl) }2irGdni\im dichloride, 

rac-diphenylsilylene-bis{l- (2, 3 , 7-t:rimethyl-4-t- 
butylindenyl) } zirconium dichloride, 

rac -diphenylsilylene-bi s { 1- ( 2 ^ 3 , 7 - tr ime thyl - 4 -i - 
propylindenyl) > zirconium dichloride. 
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rac-diphenylsilyiene-l3is{l- (2 , 3 , 7-triin€thyl-4- 
ethylindenyl) }zirconivim di chloride, 

rac-di (p-tolyl) silylene-bis{ 1- (2, 3 , 7-triinethyl-4- 
proiylindenyl) } zirconium dichloride, 

rac-di (p-chlorophenyl) silylene-bis{l- (2 , 3,7- 
trimethyl - 4- i-propylinderiyl ) } zirconium dichlor ide , 

rac-diinethylsilylene'bis{l- (2-methyl-4-i-propyl-.7 

methylindenyl ) } zirconium dimethyl, 

rac-dimet:hylsilylene-bis{l-^(2-methyl-4-i-propyl-7 

methyliridenyl ) ) zirconium methylchloride, 

rac-dimetbylsilylene-bis{l- {2-inethyl-4-i-propyl-7 
methyl indenyl) } zirconium-bis (methanesulf onate) / 

rac -dimethyl silylene-bis{l- {2-methyl-4-i-propyl-7 
methyl indenyl) }zirconi\m-bis(p-phehylsulf inate) , 

rac-dimethylsilylene-bis ( 1- (2-methyl-3 -Tnethyl-4-i 
propyi-7-raethylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis {1- (2-inethyl-4, 6-di-i- 

propylindenyl) } zirconium dichloride, 

rac-dimethylsilylene-bis{l-(2-ethyl-4-i-propyl-7- 

methylindenyl) } zirconium dichloride, 

rac -dimethyls i lylene-bis { 1 -( 2 -phenyl- 4 - i'-propyl -7 

methyl indenyl) } zirconium dichloride> 
rac-dimethylsilylene-bis {1- (2- 
methylindenyl.) } zirconium dichloride. 
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rac^ethylene-bis{l- (2,4, 7- 
triTnethylindenyl ) } zirconium dichloride , 

rac^isopropyl idene-bis {1^(2,4,7^ 
trimethylindenyl) ) zirconium dichloride, etc. 



The above-rneniloned cohippunds In which the zircohiufn is replaced by tttsihiuiti or hafniurri may also be given its 
examples. Meso-forms of such compounds may also be used. 

Among such compounds, those having a branched alkyi group, such as i-propyl. sec-butyl, tert-butyl, etc., at posi- 
tion 4 are especially favorable. 

Though the racemic bcxiy of a transition metal compound expressed by the above general formula (11-5) is usually 
used in the present inventiorl, the R-lbrm or the &-form may also be used. 

Such transition metal compounds of general formula (11-5) can be synthesized from an indenyl derivative using a 
known method, such as disdosed in Japanese laid-open patent publication Na 4^268307. 

In the present inventton. cpnppunds expressed by the following general formula (II M) may also be used as the 
compound (a-1) of a transition metal from G^oup 4 of the periodic taW 

In the above formula, is a transition metal atom from Group 4.of the periodic table: . 

is a deriv^ve of a nonrlocalized n-i3ond group, whjch prcyides the metal M'' active site with a constrained geo- 
metrical shape. 

The groups may be the same as or different from each' other and are each a hydrogen atom, halogen atom, or 
a hydfocartxin group, silyl group, or germyl groi^ having 20 or less carbon atoms, silicon atonrvs, or germanium atoms. 
Among such compourids of general formula (111-1), those expressed by the following general formula (ill-2) are pref-^ 
rable. 




In the above tormula, Indicates a transition rrietal atom from Group 4 of the periodic table, and to be more spe^ 
clf ic. indicates zirconium, titanium, or hafnium, and is preferably zrcohluni; 

Cp irxJicates a substituted cydo pentad! any i group that is 7E-bonded to M'' and has a substituent Z, or a derivative 
thereof 

indicates a group thalcontains an oxygen atom, sulfur atom, boron atom, or ah atom from Group 14 of the peri- 
odic table, and examples thereof include -S1{R^2)% -C(R^2)-, -Si{B^2)Si(R^z)-. ■C(R^2)C(R^2)-. ' 
C(R^2)C(R^^2)C(R^2)-. ■C(R55)=C{R^)-. -C{R^2)Si(R^^2)-. 'Ge(R^^; etc. 

Y^indicates a ligand that contains a nitrogen atom^ phosphorus atom^ oxygen atom, or sulfur atorti, and examples 
thereof include -N(R52)., .Q-, -S-, -P(R^2j.^ etc. * 
/ Z^ and together may form a fused ring. 

R^^ is a hydrogen atom or a group selected from among aikyt, aryt, silyl, halogenated alkyi, and haldgenated aryl 
groups having up to 20 non-hydrogen atoms and combinations of such groups. R^^ is an aikyl group of 1 to 10 cartx)n 
atoms, an aryl group of 6 to 10 carbon atoms, or an arajkyl group of 7 to 10 carbon atoms, and R^^ together with one 
or more R^^ may form a fused ring system having up to 30 non-hydrogen atoms. 
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The following are specific examples of transition metal compounds expressed by the general formula (III-2) Qiven 
above: 

( t er t -buty lamide ) ( t e tr ame thyl -r|^ - eye lopen t adi eny 1 ) - 

1 , 2-ethanediylzirconiuin di chloride / 

(tert-butylamide) (t:etraineti]iyl-Ti5-cyclopentadienyl) - 

1 , 2 -ethanediyltitaniuin dichloride , 

{me thy lamide) (tetramethyl-n^-cyclopent:adienyl) -l,2- 
ethanediyl2irconivml dichloride, 

(methylamide) (tetrametihyl-riS-cyclopentadienyl) -1,2- 

ethanediyltitanium dichloride, 

(ethylamide) ( tetrainet:hyl-T|5-cyclopentadienyl) - 

methylene titanium dichloride^ 

(tert-buty lamide) dimethyl ( tetramethyl-TiS- 

cyclopentadieriyDsilylenetitanixun dichloride, 
(tert-butylamide) dimethyl {tetramethyl -T|5- 

cyclopentadienyl) silylenezirconium dichloride , 

(benzylamide) dimethyl ( tetramethyl-T^^- 
cyclopentadienyl) silylenetitaniiim dichloride, 

(phenylphosphide) dimethyl (tetramethyl -H^- 

cyclopentadienyDsilylenetitanium dibenzyl, etc. 

f«-p^ Titanlunn fiatalvst co m oonent containing nriaanesium. tHaniyrn, and hfllpqen : 

The titanium catalyst component (a-2) containing nriagnesium, titanium, and halogen (referred to hereinafter as 
'litanium catalyst co^pone^t^. that is used in the present invention, contains magnesium, titanium, and halogen as tne 
essential componerits thereof and furthermore contains an electron donor If necessary. ^ . 

Such a titanium catalyst component (a-2) may be prepared by contacting the following magnes.um and titanium 
compounds, am H necessary, an electron donor with each other. . , 

A quadrivalent titanium corrpound expressed by the fbHonving formula can be given as a specific example of a trta- 
nium compound to be used to prepare the titanium catalyst component (a-2): 

Ti(OR)^X4.^ 

wherein R indicates a hydrocarbon group. X indicates a halogen atom, and n satisfies 0 ^ n ^ 4. 
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Specific examples of such a titanium compound include 
tetrahalogenated titaniums, such as T1CI4. TiBr4. TII4. etc. ; 

trihalogenated alkoxytitanlums. such as Ti(OCH3)Cl3, ■n(0C2H5)Cl3, Ti{0-h-C4H9)Cl3, ■n(CX52H5)Br3. Ti(0-iso- 
C4H9)Br3, etc.; 

dihalogenated cOalkoxytitaniums, such as Ti(OCH3)2Cl2. 71(002 H5)2Cl2, Ti(0-n-C4H9)2Cl2. Ti(OC2H5)2Br2, etc.: 
monohalogenated trialkoxytitaniums, such as Ti(OCH3)3a, Ti(OC2H5)3a, Ti(0-n-C4H9)3CI. Ti(OC2H5)3Br. etc.; 
and 

tetraalkoxytitaniums. such as Ti(OCH3)4. ■n(OC2Hs)4, Ti(0-n-C4H9)4, Ti(0-iso-C4H9)4. Ti(0-2-ethy1hexyl)4. etc. 

Among the above, halogen-containing titanium compounds are preferable, tetrahalogenated titaniums are more 
pref rable, and titanium tetrachloride is particularly preferabla These titanium compound may be used singly or in com- 
bination of two or more. Furthermore, these titanium compounds may be diluted in a hydrocarbon compound or a hai- 
ogenated hydrocarbon compound. 

Magnesium compounds thai have reducing properties and magnesium compounds that do not have reducing prop- 
erties can be used as the magnesium compound to be used in the preparation of titanium catalyst corrponent (a-2). 

Here, magnesium compourxjs with a magnesium-carbon bond or a magnesium-hydrogen bond may be given as 
exannples of magr>esium compounds that have reducing properties. Specific examples of such magnesium conrpounds 
that have reducing properties Include dimethylmagnesium. diethyl magnesium, dipropylmagnesium. dbutylmagnesium. 
diamylmagnesium, dihes^tmagnesium, didecylmagnesium, ethylmagnesium chloride, prapylmagnesiiim chloride, 
butylmagnesium chloride, hexylmagneslum chloride, amylmagneslum chloride, butylethoxymagnesium. ethylbutyl mag- 
nesium, butylmagnesium hydride, etc. These nragneslum compounds can be used singly or in the tonm of a complex 
conpound with an organometallic compound such as those mentioned below. Also, these magnesium compounds rriay 
be in the form of liquid or solid and may be derived by reacting metallic magnesium with a corresponding compound. 
The corrpounds may furthermore be derived using the above-mentioned method in the catalyst preparation process. 

Specific examples of magnesium compounds that do not have reducing properlies include magnesium halides, 
such as magnesium chloride, magnesium bromide, magnesium iodide, magnesium fluoride, etc.; alkoxymagnesium 
halides. such as niethoxymagnesium chloride, elhoxymagnesium chloride, isopropoxymagnesium chloride, butoxy- 
magnesium chloride, octoxymagnesium chloride, etc.; aryloxymagnesium halides, such as phenoxymagnesium chlo- 
ride, methylphenoxymagnesium chloride, etc.; alkoxy magnesiums, such as ethoxymagnesium. isopropoxymagnesium, 
butoxymagnesium. n-octoxymagnesium, 2-ethylhexoxymaghesium, etc.; aryloxyrnagnesiums, such as phenoxymagne- 
sium, dimethylphenoxymagnesium, etc.; and magnesium carboxylates, such as magnesium laurate, magnesium stea^ 
rate. etc. 

These magnesium compounds without reducing properties may be compounds derived from the above-mentioned 
magnesium compounds with reducing properties or may be compounds derived in the process of preparing the catalyst 
conrponent. 

To derive a magnesium compound without reducing properties from a magnesium compound with reducing prop- 
erties, the magnesium compound with reducing properties may for example be contacted with a halogen, a halogen 
compound, such as a halogen-containing organosilicon compound, halogen-containing prganoaluminum compound, 
etc. . a compound with an active carbon-oxygen bond, such as an alcohol, ester, ketone, aldehyde, etc.. or a polysi- 
loxane compound. 

Besides the above-mentioned magnesium conpounds with reducing properties and magnesium compounds with- 
out reducing properties, the magnesium compound may be a complex compound or double compound of an above- 
mentioned magnesium compound with another metal or a mixture with another metal compound. Furthermore, two or 
more of the above-mentioned compounds may be used in combination. 

Though various magnesium compounds t>esides those mentioned above can be used as the magnesium com^ 
pound to be used in the preparation of the titanium catalyst component (a-2). it is preferable that the magnesium com- 
pound takes the form of a halogen-containing magnesium compound in the titanium catalyst component (a-2) that Is 
obtained in the end, and thus in the case where a magnesium compound that does not contain a halogen is used, it is 
preferable to subject the magnesium compound to contact reaction with a halogen-containing compourxj in the process 
of preparation. 

Among the atx>v6-mentiooed magnesium compounds, magnesium compounds without reducing properties are 
pref rable, halogen-containing magnesium compounds are more preferable, and magnesium chloride, alkoxymagne- 
siurh chlorides, arvi aryloxymagnesium chlorides are particularly preferable. 

In the process of preparing the titanium catalyst component (a-2), it is preferable to use an electron donor. Exam- 
ples of electron donors include alcohols, phenols, ketones, aldehydes, carboxyllc adds, acid haJides. esters of organic 
or inorganic acids, ethers, acid amides, acid anhydrides, ammonia, amines, nitriles, isocyanates, nitrogen-containing 
ring compounds, oxygen-containing ring compounds, etc. More specific xamples of electron donors include: 
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STers of 2 to 20 carbon atoms, such as methyl ether, ethyl ether, sopropyl ether, IxJtyl ether, amyl ether, tetrahy 

. ulylamine. triberizylaiTiine. telramethytenediamine. hexamettvlenetf 
nitriles such as acetonitrile. benzonilrile, trinitrile, etc; . 

qyinolines. isoquindmes. etc: . .^;,h«Hrrrf.iran 1 4-cineole 1 8-cineole. pinolfuran. methylfuran. 

Muwvaler, ca*»„la« living W » »»«a fc»«i.e Wow can be »K«n » pwioutoU 

preferable exarrples of organic ackJ esters. 

H " ■ 

I X / ' • 

I / \ I 

H . . . C00RB2 ^ or . H 

group. arKi may be joined together to torm a cyclic ^''^''''t^^^V^^^''^^-^ °^^p such as CO-C. 
r61 to is substHuted. the subslituent contains a heteroatom. such as N. O. S. and has a group sue 
COOR. COOH, OH, SO3H, -C-N^C-, NHg. etc 

Specific exarrples of such a muRivalent carboxylate include 

aliphatic polycarboxylate^ such asdiethyl succinate, dibutyl succinate, diethyl methylsucdnate. diteobutyl «-meth- 
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ytglutarat©. diethyl m ethyl malorate, dethyl ethylmalbnate. diethyl isopropylmalonaie. diethyl butylmalonate. diethyl 
phenylmaionate. diethyl diethylmalonate. diethyl dibutylmalonate. monooctyl maleaie. dioctyl maleate, ditxjtyl 
maleate. dibutyl butylmaleate. diethyl butylmaleate. diisopropyl p-methylglutarate. dialiyi ethylsuccinate, di-2-ethyl- 
hexyt fumarate. diattiyl itaconata, dioctyl dtraconate, etc.; 

aficyclic polycait>oxylates, such as diethyl 1 ,2-cyclohexanecarboxylate, diisobutyl 1 ,2-cyclohexanecarboxylate^ die- 
thyl tetrahydrophthalate. diethyl nadiate. etc.; 

aromatic polycartxjxylates, such as monoethyl phthalate, dimethyl phthalate, methylethyl phttialate, monoisobuty! 
phthalate. diethyl phthalate, ethylisobutyl phthalate, di-n-propyl phthalate, diisopropyl phthalate. di-n-butyl phtha- 
late, diisobutyl phthalate, di-n-heptyl phthalate. dl-2-ethylhexyl phthalate, di-n-octyl phthalate, dineopentyl phtha- 
late. didecyl phthalate. benzylbutyl phthalate, diphenyl phthalate, diethyl naphthalenedicartsoxylate. dibutyl 
naphthalenedlcartxsxytate. triethyl trimellitate, dibutyl trimel litate. etc. ; and 
esters of h^erocycGc polycarboxylic acids, such as 3.4-furandicartx>xylic acid. 

Otha- examples of multivalent cartxjxylates include esters of long-chain dicarboxylic acids, such as diethyl adipate, 
diisobutyl adipate, diisopropyl selacate, di-n-butyl sebacate, di-n-octyl sebacate, di-2-ethylhexyl sebacate. etc. 

Furthermore in the present invention, organosilioon compounds expressed by the general formula {IV- 1) below and 
potyether compounds expressed hy the general formula {IV-2) below can be used as the electron donor: 

RPn-Si-(0R^4-n ('^•■') 

wherein n is a value of 1 . 2, or 3, and when n is 1 , RP indicates a secondary or tertiary hydrocarbon group and 
when n is 2 or 3, at least one of PP Incficates a secondary or tertiary hydrocarton group and the other RP indicates a 
hydrocarbon group, and a plurality of RP may be the same as or different from each other. R^ is a hydrocarbon group off 
1 to 4 cartxjn atoms and when 4-n is 2 or 3, R*^ may be the same as or different from each other. 

In the silicon compound expressed by the above general formula (IV-1). cydopentyl group, cyclopentenyl group, 
cydopentadienyl group, these groups having sut>strtuents. and hydrocartx)n groups in yvhlch the carbon acfjacent to the 
Si is a secondary or tertiary carbon may be given as examples of the secondary or tertiary hydrocarbon group. 

Among the above, dimethoxysllahes. particularly dimethoxysilanes of the followwig general fbrmula (lV-3). are pref- 
erable: 

OCH3 

\ / 

Si 

/ \ 

... (IV-3) 



Wherein and R^may be the same as or different from each other and are each a cydopentyl group, substituted 
cydopentyl group, cyclopentenyl group, substituted cyclopentenyl group, cydopentadienyl group, sutjstttuted cydopen- 
tadienyl group, or a hydrocarbon group in which the carbon adjacent to the Si is a secondary or tertiary carbon. 

Specific examples of the organic siUcbn compound expressed by the above general formula (IV-3) include dicy- 
dopentyldimethoxysilane, di-t-butyldimethoxysllane. di(2-methylcydopentyl)dimethoxysflane. di(3-methylcy- 
dopentyl)dlmethoxysllane. di-t-amyldimethoxysllane. etc. . , 

Compounds of the following general formula (IV-2) may be given as examples of the polyether compound. 

r22 rH+I j^2n j^24 

r21_c_o — C — — • — c— o— C — 

11 I • I 

r" R^ R*^ R^^ ... (IV-2) 



In the abov formula n is an integer that satisfies 2^n^^0 and to R^^ indicate substrtuents having at least one 
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element selected from among carbon, hydrogen, oxygen, halogen, nitrogen. suHur. pho^horus. boron, and silicon: ary 
of to r2^. preferably to R^" in combination may form a ring other than a benzene ring; and the backbone chain 
of the oonpound nray contain atoms other than cart)on atom. 

Preferably a 1 3^1!ether Is used as the above-mentioned polyether compound, and 2,2-diisobutyl- 1 .3-dim8thoxy- 
5 propane, 2-lsopropyl-2-isobutyl-1,3HdimBlhoxypropane. 2.lBopropyl-2-lsopentyl-1,3-dimethoxypiopane, 2 2-dicy- 
dohexyt-l.3-dlmettioxyprc^>ane, 2. 2-bis(cyclohexyl methyl)-! .S-dlmethoxypropane. and 9,9-dimethoxymethylfluorene 
are particularly preferable. ^ 

Besides the above, water and anionic, cationic. and non-Ionic surfactants may also be used. . 

Ttiese electron donors rnay be used singly or in combinatron of two or more. 
10 A titanium catalysis conponent (a-2) supported on a carrier may be prepared by using a particulate earner (e). 
such as those described later, in the process of contacting the abcve-menttoned titanium compound, magnesium com- 
pound, and electron donor with each other. 

The tHanium catalyst component (a-2) may be produced by contacting the above^mehtionedjitanium compound, 
magnesium conpound. and if necessary, an electron donor with each other through various methods including known 
75 methods. The above-mentioned conponents may be contacted under the presence of other reaction reagents such as 
silicon, phosphorus, or aluminum. _ .»u ^-.«roi 

Specific methods of producing the titanium catalyst component (a-2) shall be explained below bnef ly with several 
examples where an electron donor is used, but the electron donor does not have to be used necessarily. 



20 (1) A method in which a solution containing a magnesium compound, an electron donor, and a hydrocarbon solvent 
is subject to a contact reaction with an organom^aillc compound to precipitate a soUd. and is further subject to a 
contact reaction with a titanium compound, after or during the precipitation of the solid. 

(2) A method in wHch a complex comprised ol a magnesium compound and an electron donor is subjected to. a 
contact reaction with an organpmetallic compound and then subject to a contact reaction with a titanium com- 

^ .^^ethod in which a contact product of an inorganic carrier and an organic magnesium compound is subjected 
' to a oomacl reaction with a titanium compound preferably together wth an electron donor. 

tact product may previously be contacted and reacted with a halogen-containing compound and/or an orgarwme- 

tallic compound. • «^ 

so (4) A method in which an inorganic or organic cannier is mixed with a solution containing a magnesium confound, 
an electron donor, and optionally a hydrocarbon solvent to obtain a product in which the magnesium compound is 
supported on the inorganic or organic carrier, and the product is then contacted with a titanium compound. 

(5) A method in which a solution containing a magnesium compound, a titanium compound, an electron donor, and 
optionally a hydrocarbon solvent is contacted with an inorganic or organic carrier to obtain a solid titanium catalyst 

35 conponenl In which magnesium and titanjum are supported on the carrier. - ' ^ i 

(6) A method in which a liquid-fpnn organic magnesium compound is contacted and reacted with a halogen-con- 
taining titanium compound. In this case, ah electron donor is used at least once. 

(7) A method in Which a liquld-fonn organic magnesium compound is contacted and reacted with a halogen-con- 
taining titanium compound, and then the product is contacted with a titanium compound. In this case, an electron 

40 donor is used at least once. i«,^«r. 

(8) A ftiethod in which an alkoxy group containing magnesium compound is contacted and reacted with a halogen- 
■ containing titanium compound. In this case, an electron donor is used at least once. , ^ 

■ (9) A method m which a complex comprising an alkoxy group containing magnesium compound and an electron 
donor is contacted and reacted with a titanium compound. 
4$ (10) A method in which a complex conrprising an alkoxy group containing magnesium compound ar^j an electron 
donor is contacted with an organometallic compound and then contacted and reacted with a titanium compound. 

(1 1) A method in which a magnesium compound, an electron donor, and a titanium conpound are contacted and 
reacted in an arbitrary order For this reaction, the respective components may be pretreated with an electron donor 
and/or a reaction assistant suc^ as an organometallic compound or a halogen-containing silicon compound. In this 

so method, it is preferat)le to use the electron donor at least once. - *u 

(12) A method in which a liquid-form magnesium compound without reducing ability is reacted, preferably in the 
presence of an electron donor, with a liquid-form titanium compound to precipitate a solid magnesium-titanium 

complex. . 

(13) A method in which the reaction product obtained by (12) is further reacted with a titanium compound. 

55 (14) A method in which the reaction product obtained by (l 1) or (12) is further reacted with an electron donor and 

. a titanium compound. . ji^^ - 

(15) A method in which a magnesium conpound and a tHanium compound, preferably together with an electron 
donor, are pulverized to obtain a solid which is then treated with a halogen, a halogen compound, or an aromatic 
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hydrocarbon. This method may include a step of pulverizing a magnesium compound alone; a complex comprised 
o1 a magnesium oonpound and an electron donor; or a magnesium conpound and a titanium compound. Further, 
atter.the pulverization, the solid may be pretreated with a reaction assistant followed by treatment with a halogen, 
etc. Organometallic compounds and halogen-containing silicon compoumfe may be given as exartples of the reac- 
tion aesistanl 

(16) A method In which a magnesium compound is pulverized and then contacted and reacted with atitanium com- 
pound. In this method, it is preferable to use an electron donor and a reaction assistant during the pulverization 
and/or during the contact reaction. 

(17) A method in which the compound obtained by any of {1 1) to (16) above is treated with a halogen, a halogen 
compound, or an aromatic hydrocarbon. 

(18) A method in which a contact reactlori product of a metal oxide, an organic niagnesium compound, and a hal- 
ogen-containing corrpound b further contacted with a titanium compound preferably together with an electron 

. donor. 

(19) A method in which a magnesium compound such as a magnesium salt of an organic acid, alkoxymagnesium. 
arylocymagnesium, etc. is reacted with a titanium compound and/or a halogen^ntainlng hydrocarbon preferably 
together with an electron donor. 

(20) A method in which a hydrocartjon solution containing at least a magnesium compound and an alkoxytitanium 
corrpound is coritacted with a titanium compound and/or an electron donor. In this method, it is preferable that a 
halogen-containing compound such as a halogen-containing silicon compound Is allowed to coexists. 

(21) A method in which a liquid-form magnesium compound without reducing ability is reacted with an organonrie- 
tallic compound to precipitate a solid magnesium-metal (aluminum) complex and then the complex Is reacted with 
an electron donor and a titanium compound. 

The amounts of the respective components used to prepare the titanium catalyst component {a-2) vary depending 
on the preparation method and cannot be specified in particular. However, for example. 0.01 to 20 moles, preferably 0.1 
to 10 moles of the electron donor and 0.01 to 1000 moles, preferably 0.1 to 200 moles of the titanium compound are 
used per mole of the magnesium compound. 

The titanium catalyst component (a-2) obtained by such methods contain magnesium, titanium, and halogen and 
may contain an electron donor if necessary. 

In this titanium catalyst conrponent (a-2). the halogeh/trtanium ratio (atomic ratio) is approximately 2 to 203. prefer- 
ably approximately 4 to 100; the electron dorx>r/titanium ratio (molar ratio) is 0.01 to 100, preferably approximately 0.2 
to 10; and the magneslum/litanium ratio (atomic ratio) is approximately 1 to 1 00. preferably approximately 2 to 50. 

In the case where this titanium catalyst component (a-2) is solid in form, it contains magnesium halide of a crystal 
size smaller than that of a commercially available magnesium halide, and usually has a specific surface area of approx- 
imately 10 m^/g or more, preferably approximately 30 to 1000 m^/g. and more preferably approximately 50 to 800 m^/g. 
Since this titanium catalyst component (a-2) is formed by integration of the above components with each other, it does 
not substantially change in its composition by hexane washing. 

The titanium catalyst component (a-2) used in the present invention preferably exhibits, in combinatipn with an 
organic aluminum compound, an ethylene polymerization activity of at least 200g-polymer/millimole-Tl x hour x atm, 
preferably at least 500g-polymer/millimole-Ti x hour x atm. 

(b) Compound of a transition metal from anv of G roups 8 to 1 0 o1 the periodic 1at?<e 

The conppund (b) of a transition metal from any of Groups 8 to 10 of the periodic table used in the present inven- 
tion is a transition metal compound of the following general formula (I) . 



. (I) 



In the above formula. M indicates a transition metal atom from any of Groups 8 to 10 of the periodic table and is 
preferably nickel, palladium, or platinum. 
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and may be the same as or different from each other and are each a nitrogen atom or a phosphorus atom. 

Ri and r2 may be the same as or different from each other and are each a hydrogen atom or hydrocarbon group- 
Specific examples of the hydrocarbon groups include linear or branched alkyi groups of 1 to 20 carbon atoms, such as 
methyl group, ethyl group, n-propyl group. Isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl 
group, pentyt group, hexyl group, etc.; aryl groups of 6 to 20 carbon atoms, such as phenyl group, naphthyl group, etc.; 
and substituted aryl groups, tor example, the above-mentioned aryl groups which h^ 1 to 5 sUbstituents. such as an 
alkyi group of 1 to 20 carbon atoms mentioned above, etc. 

m and n may be the same as or different from each other and are each a value of l or 2 that satisfies the valence 
of X'' and X^ respectivdy. 

is a group that binds X^ and X^ and indicates 

^71 061 



or 



where , R^^. arid R^^ may be the same as or different from each other and are each a hydrogen 
atom or hydrocartjon group, such as those described for R^ and R^ mentioned a\^e. 7. 70 

Two or more grotps. preferably two adjacent groups among R\ (or R^. and (or R^\ R' ) may be 
bonded to each other to fomn a ring together with the carbon atoms to which the groups are bonded. 

R* and may be the same as or different from each other and are each a hydrogen atom, halogen atom, or hydro- 
carbon group: 

Fluorine, chlorine, bromine, and iodine can be given as examples of the halogen atom. 

Specific examples of the hydrocarbon groups include all<yl groups of 1 to 20 carbon atoms and aryl groips of 6 to 
20 carbon atoms as described tor R^ and R^ and aralkyl groups of 7 to 20 carbon atoms, such as benzyl group. The 
aryl groups and aralkyl groups may have one or ifwre substituents. such as an alkyi gnaup of 1 to 20 carbon atoms as 

mentioned aljove a q in 11 

R* and may also indicate groups expressed as -OR®. -SR^. -N(R^")2. or -P(R )2- . . ; 
Each of R® to R^^ Indicates an alkyi group of 1 to 20 carbon atoms or an aryl group of 6 to 20 cartwn atoms, such- 
as those described for R"" and R^ mentioned above; a cycloalkyl alkyi group of 6 to 20 carbon atoms, such as cyclohejQrt 
group; an aralkyl group of 7 to 20 carbon atoms, such as benzyl group; or an organic silyl group, such as the methylsilyl 
group* dimethylsHyl group, trimethylsilyl group, ethylsilyl group, diethylsilyl group, triethylsilyl group, etc. The above-men- 
tioned aryl and aralkyl groups may have one or more sUbstituents. such as an alkyl group of 1 to 20 carbon atoms as 
meritioned abova The groups R^° may be bonded to each other to form a ring and the groups may be bonded to 
each other to form a ring. 

The above-mentioned R"* and R^ may also be bonded to each other to forrri a ring. 

A compound indicated by the following general formula (0 is preferable as the transitlbn metal compound of the 
general formula (I) given atwe: 



wherein M. X\ X^, H\ r2. r^, rS r6. and R^ ar the rame as those in general fornrwla (I) given above. 
The following compounds may be given as specific examples of the transition metal compound expressed by the 
general formula (I*). In the formulae below. iPr indicates an isopropyl group. 
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In addition, the abwe-mentloned oompouhds in which the palladium or nickel is replaced by platinum can be given 
as examples of the transition metal compound expressed by the general fbrrhula (I*). 

Furthermore, the following compounds may be given as specific examples of the transltfon metal compound 
expressed by the general formula (I). In the formulae below, iPr indicates an isopropyl group. 



51 




52 



EP 0893 455 At 




'Ni 

/ \ 
H3C CH3 



HaC CH3 
H3C , . CE3 

\/^/ 
N N 





Nl 

H3C / \ C53 

. HaC CH3 





.. H3C CH3 ' 
N N 



Ni- , 

/ \ 
H3C . CH3 





iPr H3C CH3 iPr, 
N . N 





Ni 

iPr / \ iPi- 
H3C CH3 





Ni 

H3C CH3 



In addition the abcve-mehtloned cxwr^ounds in which ti>e palladium or nid^l is replaced by platinum can be given 
as examolas of the transition melal compound expressed by the general formula (I). 
^ S.T?^ion mlal coinpounds des^ibed ab6.e may be used singV or in combination ol two or more. 

{t^>^\ Oroan iff aluminum fwyeonioound 

The oraanic aluminum oxycompound (c-l) used in the present Inverrton may be either aluminoxane oon^rentioraDy . 
knoJn or S o^Sa^^^^ oxy^rrpoLnd UluUe in benzene as disclosed In Japanese .aK..,pen patent publ.ca- 

%e'£Sionally known aluminoxane may be produced lor example by the following methods and is usually 
obtained as a solution in a hydrocarbon solvent. 
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bis(1rifluoromethyl)phenylboronic acid, etc. Among the above, methylboronic acid, n-butylboronic acid. isot)uty|boromc 
acid, 3,5Klifluorophenylboronic add, and pentafluorophenylbofonic acid are preferable. One such alkylboronic acid is 
used singly or in combination of two or nriore. 

Or^c aluminum compounds of the following general formulae (VII-1). (VII-2). and |VI!-3) may be given as exam- 
ples of the organic aluminum compourKl to t>e reacted with an above-mentioned alkyftjoronic add. 

(R^^)3^-A|.Yp (VIM) 

(Fl' Vp AI-[PSi(R^^3lp (^""2) 
(R'Vp-AI-0-A|.(R^3j2 . (VII-3) 

In the above formulae, Y indicates a hydrogen atom or a halogen atom. R^'^ indicates a hydrogen atom, a halogen 
atom, or a hydrocarbon group of 1 to 10 carbon atoms, p is a value satisfying 0 ^ p < 3. and R''^ indicates the same 

IS group as R^^ in general formula (V). 

Specific examples of the organic aluminum compound of the above formulae (VII-1 ). (VI 1-2), and (VII-3) include the 
organic aluminum compounds of (d-1) under (d) Or^nometallic compound described later. Among these, trialkylalumi- 
nums and tricydoalkylaluminums are preferable, and trimethylaluminum, triethylaluminum, and triisobulylaluminum are 
particularly preferdale. The organic aluminum compounds may be used singly or In comblnatton of two or more. 

20 The above-described alkylboronic add derivatives may be used singly or In combination of two of more. 

fc-3^ Conroound reactino wHh the transit ion metal compound to fbrm an Ion pair 

The compound reacting with the transition metal compound to form an ion pair (c-3) (referred to hereinafter as lon- 
25 izing k3nic compound") used in the present invention is a compound that reacts with the above-described transition 
metal compourxJ (a-l) and/or transition metal compound (b) to form an ion pair. Examples of such a compound indude- 
Lewis adds, ionic compounds, borane compounds, cartxirane compounds, etc.. as described in Japanese laid-open^ 
patent publications No. 1-501950. No. 1-502036. No. 3-179005. No. 3-179006. No. 3-207703 and No. 3-207704, USP 
No. 5321106, etc. 

30 To be more specific, compounds expressed by BR3 (where R is a phenyl group that may have a substituent such 
as fluorine, methyl group, trrfluoromethyl group, etc., or fluorine) rray be used as the Lewis acid. Examples thereof 
include trifluoroboron, triphenyiboron. tris(4-fluorophenyl)boron, tris(3.5<lrfluorophenyl)boron, tris(4-fluoromethylphe- 
nyl)boron. tris(pentafluorophenyl)boron, tris(p-tolyf)boron, tris{o-lolyl)boroa tris(3,5-dimethylphenyl)boron, etc. 
Examples of the ionic conpound include compounds of the following general formula (VIII). 

36 



40 



R^^ (VIII) 



45 In the above formula. R"*^ is for example H*. carbonium cation, oxonium cation, ammonium cation, phosphonium 
cation, cydoheptyitoiyenyl cation, transition metal containing cations, such as ferrocenium cation, etc. 

R^^ to R'' ^ may be the same as or different from each other and are each an organic group, preferably an aryl group 
or a substituted aryl group. 

Specific examples of the above-mentioned cartx)nium cation include trisubstituted carbonium cations, such as 
so triphenylcarbonium cation, tri(methylphenyl)carbonium cation. 1rl(dimethylphenyi)carbonium cation, etc. 

Specific examples of the above-mentioned ammonium cation indude trialkylammonium cations, such as trimethy- 
lammortium cation, triethylammonium cation, tripropylammoftium cation, tributylammonium cation. tri(n-butyl)ammo- 
nium cation, etc.; N,N-dialkylaniIinium cations, such as N,N-dlethylanilinium cation, N,N.2.4,6-pentamethylanllinium 
cation, etc.; and dial kyl ammonium cations, such as di(isopropyl)ammonium cation, dicyclohexytammonium cation, etc. 
55 Specific examples of the above-mentioned phosphonium cation indude triarylphosphonium cations, such as 
triphenylpho^honium cation, tri(methylphenyl)phosphonium cation, tri (dimethyl phenyl) phosphonium cation, etc. 

Preferable R^^ indudes for exanple a carbonium cation or an amnrwnium cation and triphenylcarbonium cation or 
N.N-diettiylantlinium cation is particularly preferable. 
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A boron compound of the following formula (IX) is preferable as the ionic compound, 




(IX) 



In the above formula, Et indicates an ethyl group. 

Trialkyl-substituted ammonium salts. N.N-dialkylanilinium salts, dialkylammonium salts, Iriaryiphosphonium salts, 
15 etc., can also be given as examples of the ionic compound. 

Specific exanrples of trialkyl-substituted ammonium salts include trlethylammonium tetra(phenyl)boron. tripropy- 
lammonium tetra(phenyl)boron, trKn^butyl]ammonium tetra(phdnyl}bbron, trimethylammonium tetra(p-tolyt)bwon. tri- 
methylammonium tetra(o-tolyl)boron, tri{n-butyl)ammonium tBtra{pentaffluorophenyl)boron, tripropylammonium 
''^ tetra(o.p-dlmethylphenyl)boron. tri(n-butyl)ammonium tetra(m.n(vdimethytphenyl)boron. tri(n-butyl)ammonlum tetra(p- 
20 trifluoromethylphenyl) boron, tri(n-biityl)amnionium tetra(3,5-di-trifluoromet*^henyl)boron, tri(n-butyl)ammonium 
tetra(o-tolyl)boron, etc. 

Specific examples of N,N-dialkyIanilinlum salts Include N.N-dimethyianilinium tetrB(phenyl)boron. N.N-diethylanilln- 
ium tetra(phenyOboron, N.N,2.4,6-pentamethylanllinium tetra(phenyl)boron, etc. 

Specific examples of dialkyi ammonium salts include di(l -propyl)ammonium tetra(pentafluoropheny1)boron, dicy- 
25 dbhexyiammonium tetra(phenyl)boron. etc. 

Other examples of ionic oonrpounds Include triphenylcartjenium tetrakis(pentafluorophenyl)borate, N.N -dimethyl 
anilinium tetrakis(pentafluorophenyl)bofate. ferrocenium tetra(pentaf luorophenyOborate, triphenylcarbenium pentaphe- 
nylcyclopentadienyl complex, N.N-diethylanilinium pentaphenylcyclopentadienyl complex, and boron compounds of the 
following formula (X). 



Na® B® 




CF3 



Specific examples of borane compounds include 

deGaborane(14) ; salts of anions, such as bisItrKn- 

butyl ) aininonitim] nonaborate, 

bis [tri (n-butyl) airanonium] decaborate. 
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bis [tri (n-butyDamaonium] uzidecaborate, 
bis ( tri ( n-butyl ) ainiaonium] dodecaborat e , 
bis [ tri (n-butyl ) ammonium] decachlorodecaborate , 
bis [tri (n-butyl) ammonium] dodecachlorododecaborate , 
etc*? ahd salts of metal borane anions, sucli as tri (n- 
butyl) ammonium bis. (dodecahydridedodecaborate ) cobaltate. 
(Ill), bis [tri (n-butyl) ammonium] 

bis (dodecahydridedodecaborate) nickelate (III) , etc. 

Spedfic examples of caiborane compounds indude salte 

. 4-carbanoiiaborcLne(14), 
1, 3-dicaLrbanonaborane(13) , ^ 

6 , 9-dicarbadecaborane (14 ) ^ 

dodecahydride-1 -phenyl- 1, 3 -dicarbanonaborane, ; 
• dodecahydride-l-metJiyl-1, S-dicarbanonaborane, 
. undecahydride-1 , 3-dimethyl-l, 3-dicarbanonaborane, 

7, 8-dicarbaundecaborane(l3) , 
2,7^dicarbaundecaborane(13) , 

undecaliydride-7 , 8 -dimethyl-7 , a -dicarbaundecaborane 
dodecahydride- ll-met:hyl-2 , 7 -dicarbaundecaborane , 

tri (n-butyl )amiQcioniiim 1-carbadecaborate, 
tri (n-butyl) ammonium 1-carbaundecaborate, 
tri (n-butyl) ammonium 1-carbadodecabo.rate, ■ 
tri (n-butyl )ammoniiim 1-trimethylsilyl-l- 

carbadecaborate , 
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tri (nrs-butyl) ainmonium bronio-l-carbadodecah>orate, 
tri (n-butyl) ammonium 6-carbadecaborate{14) , 
tri (n-butyl) curationiiim 6-carbadecaborate(12> , 
tri (n-butyl ) ainnionium 7 -carbaimdecatborate { 13 ) , 
tri (ri'^butyirainmoniurn 7, 8-dicarbaundecaborate (12) 
tri(n-^butyl)ainra:dnilin\ 2, 9-dicaLrbaundecaborate(i2) , 
tri (fi-butyl) ammonium dbdecahyciride-8-methyl-7, 9^ 
' dicarbaundecaborate, 

tri (n-butyl ) ammonium undecahydride-8--ethy 
dicarbaundecabora te , 

tri ^-butyl) ammonium undecahydride-8-rbutyl-7, 9- 
dicarbaundecabora te , 

tri (n-butyl) ammonium undeGahydride=r8-aryl-7* 9-^ 
dicarbaundecaborate/ 

tri fn -butyl) ammonium undecahydride-9^ 
trimethylsilyl~7 , 8-dicarbaundeeaborate, 

tri (n-butyl ) ammonium decahydir ide-4 , 6 -dibromo-7 - 
carisaundecabbrate, etc,; aiid 

salts of metal carborane anions, such as 
tri (n^biityl) ammonium bis|nonahydride-i, 3- 
dicarbanoriaborate ) cobal tate ( III ) , 

tri (n-butyl ) ammonium bis (undecahydride-7 , 8- 
dicarbaundecaborate ) ferrate ( III ) , 

tri (n-butyl ) ammonium bis (undecahydr ide-7 , 8 , - 
dicarbaundecaborate) cobaltate (III) , 
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tri (n-butyi ) airanoniiim bis (undecahydride-7 , 8 , - 
, dicarbaiindecaborate)nickelate (III) , 

tri (n-butyl) ammonium bis {undecahydride-7, 8, - . > 
dicarbaundecaborate) cuprate ( III ) , 

' tri (n-butyl)ainmonixam bis {imdecahydride-7, 8, - . 
' dicarbaundecaborate) aura te (III) , 

tri (n-butyl) ammonium bis (nonahydride-7 , 8 , -diinethyl- 
7, 8-dicarbaundecaborate) ferrate (III) / 

; tri (n-butyl) ammonium bis (nonahydride-7;8-dimethyl- 

7 , 8-dicarba\indecaborate> chromate (III) , 

tri (n-butyl) ammonium bis (tribromooctaliydride-7, 8- 

dicarbaundecaborate)cobaltate (III) , 

tris[ tri (n^butyl) ammonium] bis ( undecahydride-7 - 
carbaundecaborate) chromate{III) r 

bis [tri f n-butyl )ammoniimn] bis ( undecahydride-7 - 
carba\indecaborate)manganate (Ivy , 

bis [tri (n-butyl) ammonium] bis ( undecahydride-7 - 
carbaundecaborate) cobaltate (III) , ^ . . 

bis [tri (n-butyl) ammonium! bis (undecahydride-7 - 
carbaundecab.orate)nickelate(IV) , etc - 

45 ' ■ . 

The above-mentioned ionizing ionic compounds (c-3) niay be used singiy or in conibination of two or more. 
The olefin polymerization catalyst according to the present invention is formed from the above-mentioned (a-1) 
so compound of a transition m^l from Group 4 of the periodic table or (a-2) titanium catalyst conponent containing mag- 
nesium, titanium, and halogen; (b) compound of a transition metal from any of Groups 8 to 10 of the penodrc table; and 
(c) at least one compound selected from among (c-1) organic aluminum oxycompounds. (c-2) aJkylboronic acid deriva- 
tives and (c-3) compounds reacting with the transition metal compound to form an ion pair, and in addition to the above, 
an wganometalllc compound (d) and a fine particulate carrier (e) such as those described below may also be used if 
55 necessary 
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fen Orpanometallic comoound 

Specific examples of ttie organometaJlic compound (d) used if necessary in the present invention include the ibi- 
Ipvving organdmetalliccx>mpounds of metals and 2 and Groups 12and 13 of theperkxictable. 

(d-1) Organic aluminum compounds of the general formula: R*mA1(QR'^nHpXq 

where and may be the sanie as or different from each other and are each a hydrocarbon group of 1 to 15, 
preferably 1 to 4 cart)oh atoms. X Is a halogen atom, m is a valiie satisfying 0 < m ^ 3/n is a value satisfying 0 ^ n 
< 3» p is a value satisfying 0 < p < 3, q is a value satisfying 0 ^ q < 3, and m -i- n -i- p + q = 3 . 
(d-2) Complex alkylates of a Groip 1 metal and aluminum of the general forrrula: M^AiR% where irxlicates U. 
Na, or K and indicates a hydrocartwn g-oup of 1 to 1 5, preferably 1 to 4 cartK)n atoms. 
(d-3) DialkyI comppurKls of a group 2 or group 12 metal of the general formula: R*R^M^ where and B** may be 
the same as or different from each other arid are each a hydrocartx^n group of 1 to 1$, preferably 1 to 4 cartoon 
. aiorre and Ufi iridicates Mg, Zh, or Cd. 

The fGillawing oompouhds may t>e given as examples of organic aluminum compounds of (d-1) mentioned above. 

1) Organic aluminum ccrnpounds of the general formula, R^rnAI(OR*^3.n, 

where R^ and R*^ may be the same as or differertt from each other arxS are each Indicating a hydrocarbon group of 
i to 15. preferably 1 to 4 carbon atoms and m is a number preferably satisfying 1 .5 < m ^ 3. 
2] Organic alurtiinum compounds of the general formula. R^mAIX3.,n wfiere R^ indicates a hydrocarbon group of 1 
to 15. preferably 1 to 4 carbon atoms, X indicates a halogen atom, and m Is a number preferat)iy satisfying 0 < m < 
■ .3. ■ . - • ■ ' _ " . ■ 

3) Organic aluminum cdmpourvis of the general formula, R^m^lHa.^ 

where R° is a hydrocartx)n group of 1 to 15, preferably 1 to 4 carbon atoms and m is a huhribef preferably satisfying 

2^m<3. 

4) Organic alunwium compourxls of the general formula. R^n^ltOR'^nXq 

where R° and R^ may be the same as or different from each other and are each a hydrocarbon groip of 1 to 15. 
preferably 1 to 4 carbon atoms, X indicates a halogen atom, m Is a number satisfying 0 < m ^ 3, n is a number sat- 
isfying 0 S n < 3^ q Is a nunriber satisfyirig 0 < q < 3, and m 4" n -h q - 3 , 

To be more specific, examples of the organic aluminum oornppunds of (d-1) mentioned above include 



tri- 

n-alkylaliminums , such as trimethylaliaminum, 
triethylaluminuin, tripropyialuitiinuin, tri-n- 
butylaluminuiti, tripentylaluminum, trihexylaluxninuin, 
trioctylaluitiinuin, tridecylal\aminuin, etc.; 

tri-branched-alkylaiuininu?^ such as 
tzriisopropylaluminum, triisobutylaiuitiinum, tri-sec- 
butylalujninuin, tri-tert-butylaliiminum, tri-2- 
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methylbutylalumimim, tri-3-methylbutylaliiiidnxjm, trir'2- 
methylpentyialuminum, tri-3-methylpentylaluininuin, tri-4- 
me thy Ipentyl aluminum, tri-2 -methylhexylaluminum, tri-3 - 
methylhexylaluminum/ tri-2-etliylhexylal\im etc.; 

isprenylaluminums of the formula - • 
(i-C4H9)xAly(C5Hio)z (wherein x, y, and z are positive 
numbers and z > 2x) ; 

tricycloalkylaluminums, such, as 
tricycldhexylaluminiam, tricyclooctylaluminum, etc . ; 

triarylaluminums , such as . triphenylaluminuin/. 
tritolylaluminum, . etc.; 

dialkylaluminum hydrides, such as diethylaluminum 
hydride, diisobutylaliaminum hydride, etc . . . 

. trialkenylaliiminxams, such as triisoprenylaluminuin, 

etc - ; 

alkylaluminum alkoxides, such as isobutylaluminiim 
methoxide, isobutylaluminum ethoxide, isobutylaluminum 
isppropoxide, etc,; 

dialkylaluminum alkoxides, such as dimethylaluminum 
methoxide, dimethyl a liHninum ethoxide, diethylaluminum ' 
ethoxide, dibutylaluminum btitoxide, etc.; 

alkylaliiminum sesquialkoxides, such as 
ethylaluitiinum sesquiethoxide, butyl alurainum 
sesquibutoxide, etc - ; 
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partially alkoxylated alkylaluminums having an 
average conposition expressed by R^a.sAl (OR^) o.S* etc,; 

dialJcylaluminum aryloxides. such as dlethylaluiainuiti 

phenoxide, etc.; 

dialkylaluminum balides, such as dimethylaluminum 
chloride, diethylaluminum chloride, dibutylaluminum 
chloride, diisobutylaluminum chloride, diethylaluminum 

• bromide , etc , ; 

alkylaluiainum sesquihalides, such as ethylaluminum 
sesquichloride, butylaluminum sesquichloride, 
- ethylaluminum sesquibromide, etc.; 

' partially halogenated alkylaluminums including 
alkylaluminum dihalides, such as ethylaluminum 
dichloride, propylalximinum dichloride, butylaluminum 
dibroitiide, etc. ; 

dialkylaluminum hydrides, such as diethylaluminum 
hydride, dibutylaluminum hydride, etc.; 

partially hydrogenated alkylaluminums including 
alkylaluminum dihydrides, such as ethylaluminum 
dihydride, propylaluminum dihydride, etc.; and 

partially alko^ylated and halogenated 
alkylaluminums, such as ethylaluminim ethbxychloride, 
butylaluminum butoxy chloride, ethylaliiminum 
ethoxybromide , etc. 

Compounds similar to those of (d-1) described above, lor exiample, organic aluminum compounds in which two or 
more aluminum compounds are bonded via a nitrogen atom, nriay also be used. (C2H5)2AIN(C2H5)AI(C2H5)2 can be 
given as a specific example of such compounds. 
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I ifli/C^H 1 UAlfCH,^)^ etc can be fliven as exanples of compouixls of (d-2) describe 
• "^rS^X^^ t^^^^ abut^^gneslun. b«.,e,h^mag.esium. etc.. ^ be g.^ as exa„,- 

nesium chloride, efhyfmagnesium bromide, ethylmagne«.u^ J^^"':"!' ^SrS^T^rsr-S^XSmp^u^^ (d). 
chlorkle. butylmaanasium bromide, bulylmagn^umchlorde^^^^^ 

...e^e^^^^lSSSSSSti^^^^^ 

num Is most preferable. . where and/or bonded to the 

Such orgariomelalfccorrvourids (d) actas analkyl^^^^^ 

transition metal (M) in the transition metal '^"^^^^^^'^^^ such as a methoxy 

than an allcyl group, for ^^-P'^^^'^fa^l^Si orte arC^ ^^'^ ^ 

andotliimpuritlesfromthesystemtotherebyacW^the^ 

acdvlty. -rws action is exhibited e^en in the obtained when oiBanome. 

""^i^'^osr^^s^^ 

(ft) nnft particulate carrier 

Theflhepartculatecarriercejusedinthepr^e^^ 
the form of a granular or fine particulate sdri ^^^^^^ partcle s^ze^^^ ^ ^ 3,0^ 

^r.^"MT"/o'';rrb''°SS?fo%S SiO,5.gO.SiO.AI.C^ 
AI2O3, MgO. ZrO, TiOa, BjOg CaO. znu. bau. • ^ preferable to use a carrier containing at 

Si02-TO2. SiOz-VgOs. SiOz-CraOa. SiCVTiOz-MgO, etc. ^°^%^^^'^^Z^^^^,^rr^ir, components. 
leaS one component selected from among the Q^^^^Ta'n^r^^^ nitrate. ^ o»de conpo- 

nen^ura^T^a^KiT^^^ 
^^°Cughthepropertiesofsuchflnep«rtlc,ecarrie.(e)win^^ 

able that fre fine particualte carrier used in the present ^'^^^Z^ll^l'^jf'Z^ 
1000m2/g preferably 100 to 700m?/g and a pore volume in the range of 0.3 to 2.^m /g. inei 

be catein'^Iat 100 to lOGO'C. preferably at 150 to 700'C^n^y.^^^^^^^^ 

.l-aK^rorr^pt^^^^^ 

S?ri«S^i~e^-r^^^^ 
or styrene as the main component 

Pnlvnieriza tion Method 

can be selected arbitrarily, the following meUiods can begivenas examples. 



63 



EP0 893 455A1 



(1) A method in which conponent (a-1) (or component (a-2)): component (b); and component (c) are added to a 
polymerizer in an aft>itrary order. 

(2) A method in which a catalyst component compriang component (a-1) supported on carrier (e); component (b): 
and compon«Tt (c) are added to a polymerizer in an arbitrary order. 

(3) A method in which a catalyst component comprising component (b) supported on earner (e); component (a-1) 
(or component (a-2)) : and component (c) are added to a polymerizer in an arbitrary order. 

(4) A method in which a catalyst component comprising component (c) supported on carrier (e); component (a-1) 
(or component (a-2)): and connponent (b) are added to a polymerizer In an arbitrary order. 

(5) A method in which a catalyst component comprising component (a-1) (or component (a-2)) arxJ component (b) 
supported on carrier (e); and component (c) are added to a polymerizer in an artaitrary order. 

(6) A method in which a catalyst component comprising component (a-1) supported on carrier (e); a catalyst com- 
ponent comprising component (b) ajpported on carrier (e); and component (c) added to a polymerizer in an arbi- 
trary order. 

(7) A method In which a catalyst conr^aonent comprising corrponent (a-1) and component (c) supported on carrier 
(e) ; and component (b) are added to a polymerizer in an arbitrary order. 

(8) A method in which a catalyst component comprising component (b) and component (c) supported on carrier (e); 
and component (a-1) (or component (a-2}) are added to a polymerizer in an arbitrary order. 

(9) A method in which a catalyst component comprising component (a-1), component (b) and componerit (c) sup- 
ported on carrier (e) is added to a polymerizer. 

(10) A method in which a catalyst connponent corrprising connponent (b) supported on solid-form component (a-2); 
and component (c) are added to a polymerizer in an arbitrary order. 

(1 1 ) A method In which a catalyst component comprising component (c) supported on solid-form component (a-2); 
and component (b) are added to a polymerizer in an arbitrary order. 

(12) A method in which a catalyst component comprising component (b) and component (c) supported on soiid- 
form component (a-2) is added to a polymerizer. 

(13) A method in which a catalyst component comprising a solid on which componerit (a-2) and then component 
are supported (b); and corrponem (c) are added to a polymerizer in an arisitrary order. 

Component (d) may be used it necessary in each of the alxjve methods (1) to (13). 

Also, the solid catalyst corrponent corrprising corrponent (a-1) and component (c) supported on carrier (e); the 
solid catalyst oohpbnent comprising corrponent (b) and (component (c) supported on carrier (e); the solid catalyst com- 
ponent comprising component (a-1). component (b) and component (c) supported on carrier (e); the catalyst conpo- 
nenl corrprising corrponent (c) supported on component (a-2); and the catalyst componem comprising componerit (b) 
and component (c) supported on component (a-2); described above, may be subjected to prepotymerization of an ole- 
fin. 

Furthermore in the present invention, component (b), component (c), and if necessary, component (d) may be 
brought into contact with each other in advance and the contact product and component (a-i) (or component (a-2)) may 
be added to the polymerizer. 

It is presuned that when component (b), conrponent (c), and if necessary, component (d) are brought into contact 
with each other, an ionic oooidination compound of the following general forrnula (Xl-i) is formed. 

, . . (XI-l) 



In the above formula. M. X\ X^, , R^, m, and n are the same as those of general formula (I) given above, 

R^^ indicates a hydrocarbon group, and 

indicates an anion derived from at least one compound (c) selected from among (c-1) organic aluminum oxy- 
compounds, (c-2) alkylboric acid derivatives, and (c-3) ionizing ionic compounds. 



m 



- 

R21 
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35 



rn oiir!^!'*T'^ hydrocarbon grotp (for example, alkyl group) as R* or of general formula 

CD given above or IS the alM group introduced by the alww-mentioned orsaiioitietallic CO 

In ttie above formula (XI-1). « an anion that ie derived from component (c) in the process of contact of corrpo- 
nentff)). component (c). and. if necessary, conponent (d), and. for example, is the aiiion that ftjrms the above^nen- 
tioned jomzingKmic compoiind (c-3). A boron compound anion of the Ibliowing formula (XlQ can be given as a specif c 



IS 



so 




.(XII) 



The boron compound anion of formula (XII) Is an anion that Is derived from the boron compound of the fbrnuila 



given above. 



(IX) 



assSf?/^Spte3z® fr""*e«ra»*(pentafluorophenyl)borate, tefra(phenyl)boron. etc.. can be given 

■ •"^ »S"S«ton metal compound (b) Is contacted with compound (c), an ether conpound (ether mol- 

aajle) may be farmed from component (c). and the ether may coordinate with the transition metal U in the ionic coor- 
« ^'"^ ^ .omc coordinafion conpound is expressed by ^ 



... (Xl-2) 



j21 i^22 



In the above fomiula. M, X\ X2. R\ r2 rn. and n are the same as t^^^ 

«> and are the same as those of general formula pci-i) given above and 

S Jl!lf ^iH^^rK^"'^'*'°T!"r^ (ether nriolecule) fbrmed from component (c) when transition metal conpound (b) 
IS contacted With compound (c). . 

• ^.fP®^^'^J^"P'«°*the ether compound (ether molecule) irxJicated 
45 include dimethyl emer. diethyl ether, dipropyf ether, di^ 9 rai ormuia ^a. ^; 

. Specific exanpt^pf the ionic coordination conipound of general formula (XI-2) given above include an ionic coor^ 
tanation conpound of the fbSowing formula. 



so 
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15 In the above formula, iPr indicates an isopropyl group and Et indicates an etfiyt group. 

To form the ionic coorclinaiion compound of general formula (X|-1) or (XI-2) given above by bringing component (b). 
conponent (c), and if necessary, component (d) into contact with each other in advance, component (b). component 
(c), and if necessary, conponent (d) can be reacted in a reaction medium at a temperature of -120 to +20<'C. preferably 
at -SO to -20'* C. for 5 minutes to 100 hours, preferably for 30 minutes to 5 hours. 
20 An inert hydrocarbon, such as hexane, heptane, octane, cyclohexane, mineral oil. benzene, toluene, xylene, etc., 
or a halogenated hydrocarbon, such as chloroform, methylene chloride, dchloroethane. chlorobenzene. eta. can be 
used as the above-mentioned reaction medium. 

An aikyl ester of (meth)acrytic acid may be made to coexist in the process of bringing component (b). component 
(c). and if necessary, component (d) in contact with each other in advance. In this case It is preferable to use the ionizing 
25 ionic conpound (c-3) as component (c). 

Examples of the {meth)acrylic acid allcyl ester include methyl acrylate. ethyl acryiate, n-propyl acrylate. isopropyl 
acrylate. n-butyl acrylate. isobutyl acrylate, t-butyl acrylate. 2-ethyihexyi acrylate. methyl methacrylate. ethyl methacr- 
ylate. n-propyl methacrylate. isopropyl methacrylate. n-butyl methaayiate. isobutyl methacrylate. etc. 

It is presuned that when component (b), component (c). and if necessary, component (d) are brought into contact 
30 with each other under the presence of a (meth)acrylic add all^ ester, an ionic coordination compound of the following 
general formula (XI-3) Is formed. 

{ R^->- -X^ r3 (- )n 

in 
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45 



r23 Tc 

\.. // 



r24— c 



0R25 <XI-3) 



In the above formula. M. X\ X^, R\ R^. m. and n are the same as those of general formula (0 given above, 

is the sanne as in general formula (XI-1) given above. 
so indicates a hydrocarbon residue, and 

and R^^ indicate each a portion of a residual group of the (meth)acryllc acid all<yl ester. 

In the general formula {XI-3) given above, R^^ is a hydrocarbon group (for example, an alkyl resictie) of R* or R® in 
general fonnula (I) given above or is a residue of the alkyl group introduced by the above-mentioned organometallic 
55 compound (d). 

The following may be given as specific ©camples of the group indicated by R^ : 
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fO 



20 



2S 



30 



36 



40 



4$ 



-CH2-/ -CH2CH2-, -CH2CH2CH2-/ -GH2CH-, 

CH3 

-CH2CH2CH2CH2-, -CH2CHCH2-, -CH2CH2CK-. 

CH3 CH3 



etc. _ 
In the general formula {XI-3) given akxjve. each of R^^ and is a portion of a residual group formed from the 
J5 (meth)acryOc add alM ester when bdntacting transition metal compound (b) with the (melh)acryllc acid allQrt ester. 
The following may be given as specific examples of the group indicated by R^*: 



-CH2CH2-. -CH2CH2CH2-. -GH2CH-, 

CH3 

-CH2CH2CH2CH2-. -CH2CHCH2-, -CH2CH2CH- 

CH3 CH3 



etc 

Specific examples of the group indicated by R^^ Include alkyt groups of 1 to 20 carbon atoms, such as methyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, tert-bulyl group, 2.elhylhacyl group. 

etc. . 
SpecKIc examples of the ionic coordination compound of the general formula p<i-3) given above include an ionic 

coordination compound of the following formula. 




I II 

H2C^ ^C- OCH3 
CH2 




so 

In the above formulae, iPr indicates a isopropyl group. 

To form the ionic coordination compound of general tomiula (XI-3) given above by bringing component (b). compo- 
nent (c), and if necessary, component (d) in contact with each other in advance in the presence of a (meth)acrylic acid 
alkyl ester component (b). component (c), and if necessary, component (d) reacted under the presence of the 
55 (meth)acrylic acid alkyl ester in a reaction medium at a tenperature of -1 20 to + WC. preferably -80 to 0°C, for 5 min- 
utes to 100 hours, preferably 30 minutes to 5 hours. 

The amount of the (meth)acrylic add alkyl ester used, as the molar ratio of (meth)acrylic acid alkyl ester to conpo- 
nent (b). is usually 0.3 to 3. preferably 0.8 to 1 .1 . 
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In the olefin polymerization medhod according to the present invention, an olefin polymer is oblained by polymeriz- 
ing or copolymerizing an olefin or olefins in the presence of the olefin polymerizalion catalyst described above. 

In the present invention, the polymerization can l>e carried out by liquid phase polymerlzali n methods, such as 
solution polymerization nnethods or suspension polymerization methods, or gas phase polymerization methods. 

5 Specific exanples of the inert hydrocartxjn medium used in liquid phase polymerization include aliphatic hydrocar- 

bons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane, kerosene, etc.; alicyclic hydro- 
carbons, such as cydopentahe, cydohexane. methylcydopentane, etc.; aromatic hydrocarbons, such as benzene, 
toluene, xylene, etc.; halogenated hydrocarbons, such as ethylene chloride, chlorobenzene. dichtorontethane. elc.» and 
mixtures o1 the above hydrocarlxans. The olefin itself may be used as the solvent 

10 In the defin polymerization process using the olefin polymerization catalyst described at>oye, component (a-1) may 
usually be used In an arr>ount of 10*® to 10"® moles. preferaWv 10 to 10** moles, per liter of reaction volume and com- 
ponent (a-2) may usually be used in an amount of 10"^ to 10*^ moles, preferat)ly 10'^ to 10** moles, in terms of titanium 
atom, per liter of reaction volume. Conponent (b) may usually be used in an anrwunt of 10"^ to 10"^ mdes, preferaWy 
lO*'^ to 10"^ moles, per liter of readion volume. Also, component (b) may usually be used at a molar ratio of conponent 

15 (b) to component (a-1) (or component (a-2)) [(b)/(a-1) (or {a-2) (In terms of titanium atom))] of 0.02 to 100. preferably 
0.05 to 50. 

Component (c-1) or component (c-2) may usually be used at a molar ratio of aluminum atoms in component (c-1) , 
or aluminum atoms in component (c-2) to the total of transition metal atoms (M) in component (a-1) (or conponent (a- 
2)) I(c-1)/M or (c-2)/M] of 10 to 5000. preferably 20 to 2000. Component (c-3) may usually be used at a molar ratio of 
20 corrponent (c-3) to the total of transition metal atoms (M) in oomponent (a-1) (or component (a-2)) and conponent (b) 
[(c-3)/M] of 1 to 1 0. preferably 1 to 5. 

Component (d). if necessary, Is usually used at a molar ratio of component (d) to the total of transition metal atoms 
(M) in corrponent (a-1) (or component (a-2)) and component (b) [{d)/M] of 0.01 to 5000, preferably 0.05 to 2000. 

The terrperalure at which the def in polymerization using the delin polymerization catalyst described above is car- 
d's ried out is usually in the range of -50 to 200*C. preferably in the range of 0 to 1 70*C. The polymerization is usually car- 
ried out under a pressure in the range of atmospheric pressure to lOOkg/cm^, pr^eraWy in the range of atmospheric 
pressure to 50kg/cm^. The polymerization reaction can be carried out by any of batchwise. cominuous and senii-con- 
tinuous methods. The polymerization niay also be carried out in two or more stages that differ in readion conditions. , 

The molecular weight of the olefin polymer that is obtained can be adjusted by hydrogen present in the polymeri- 
so zation system or by varying the polymerization tenperature. 

Examples of olefins that can be polymerized by the olefin pdymerlzation catalyst described above include a-olef Ins 
of 2 to 20 cart)on atoms, such as ethylene, propylene, l-butene. Ipentene, 3-methyl-l-butene, 1-hexene. 4-methyH- 
pentene. 3-methyl-1-pentene. 1-octene, 1-decene, 1-dodecene. 1-tetradecene, Vhexadecene, 1-octadecene, 1- 
eicosene, etc.; and 

35 cydic olefir« of 3 to 20 carbon atoms, such as cydopentene, cydoheptene. norbornene, 5-methyl-2-nortx)rnene, 

tetracyclodecene, 2-methyl-1.4.5.8dimethano-1,2.3.4.4a,5.8,8a-octahydronaphthalene. etc. Styrene. vinyl cydohex- 
ane. diene. etc., may also be used. 

The olefin polymerization catalyst according to the present invention has a high polymerization activity and can 
yield olefin polymers of wide molecular weight distribution. 

40 The olefin polymer composition (olefin polymer) obtained using the olefin polymerization catalyst according to the 
present invention has wide molecular weight distribution and exhibits excellent molding properties (moldability). Also, 
an olefin polymer of narrow composition distribution can be produced by polymerizing two or more olefins using the ole- 
fin polymerization catalyst of the present invention. 

Next, olefin polymer compositions and heat molded products according to the prevent invention shall now be 

45 desaibed. 

Olefin polymer compositions according to the present invention include those that are formed from a non-crystalline 
olefin polymer (A-1) which is produced using a specific catalyst and exhibits specific physical properties, and another 
known olefin pdymer (B) and those that are formed from a crystalline olefin polymer (A-2) which is produced using a 
spedfic catalyst and exhibits specific physical properties, and another known olefin pdymer (B). 

50 

(A-1) Non-crystalline olefin polymer 

The non-crystalline olefin polymer (A-1) is produced using a specific catalyst and exhibits the fdlowing properties 
(Ar1)to(A,-3). 

55 

{Ay^) The intrinsic viscosity fn] as measured in decalin at 135*C is in the range of 0.5 to 20dl/g, preferably 0.6 to 
I5dl/g. and more preferably 0.7 to lOdi/g. 

(Ai-2) The glass transition temperature (Tg) as measured by a differential scanning calorimeter (DSC) is -40°C or 
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^ ^ ^'^"^^e Preferably d 870g/cm3 or less 

TTie non-ciystalline olefin polymer rA . : V 

The non-crystamne olefin jiolymer fA-ii ran ho . enn areprefer- 

. ^rganometallic compound fd) Is ij«:*.h h ^ " ''/^WJ Of 1 to 10. preferabiv l to s 
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Cfvstalllhfl niaffci fffflympr 

(V """" ^^'"^ beprpduced u^ng a specffte catelyst and axhibHsthe fd.to*.n0 proper«es 

S^d^^.'^Sra^S^^S'l^^^ ^ '^-^ -^-^ "^^^ °' '>-^ ^ Preferably 0.6 to 

(Ar3) The der^fty is 0.88g/cm3 or more, preferably 0.885 to 

the n'S:.:S£i'L^^;^^^^^^^ Po-yenecompounds, etc. as those used forproduc^ng 

fin.. '"^*^^^^^®®=''^e^^°^e^beusedasthemonomertpbe^«^^ 

the ge^eSSarj.rSK:;'tS«1^^^ 

and a oocatalyst t^nSe^tV^^i metal compound (b) 

The catalyst may also be used after prepolymerizing an olefin 
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polymerization: and usually in the range of 0 to l2p*C. prefera^^^ lOO^C. in the case of gas phase polymerizatiort. 
The polymerizatioh pressure rtiay be atrtiospheric pressure to l00k|jA?m2, preferably atniospheric pressure to 

SOkg/cm^. \ \. , 

The polymerization can be carried out by any of batchwise, continuous, and semi-continuous methods. The polym- 
5 erizatioii may also be carried out in two or more stages that differ in reaction conditions. 

The molectdar weight of the crystalline olefin polymer (A-2) that Is obtained can be adjusted by using hydrogen In 
the polymerization process. 

fB^ Olefin Dolvmer 

There is no particular limitation on olefin polymer (B) except that it is produced using a catalyst different from the 
catalyst used in the manufacture of rion-crystalline olefin polymer (A-1) and crystalline olefin polymer (A-2) described 
above. Thus, pl^in poiyrtier (B) may be produced by a known method u»ng for example a metallocene oompourid cat- 
alyst conponent. such as a compound (a-l ) of a transition rtietal from Group 4 of the periodic table described above, a 
IS known solid titanium catalyst component, such as the titanhjm catalyst component (a-2) described above, etc. 

In thepresent Invention it is preferable for olefin polymer (B) to be produced using a catalyst borrprislng: 

OH 

so (a-l) a transition metal compourri or (a^2) a titaniiim catalyst con^ 

(c) at least one type of compound selected from among (c-1) organic aluminum oxycompounds. (c-2) alkylbo- 
rbnic acid derivatives, and (c-3) compounds reacting with the transition metal compound to fonn an Ion pair, 
and iff necessary. 

(d) an orgartometallic odmppund. 

25 

Ol^in polymer (B) may be an olefin homopolymer, an olefin copolymer, or copolymer of ah olefin with another mon- 
omer. The copolymer may be a random copolymer or a block copolymer. 

Specific examples of the olefins include the same a-olefins of 2 to 20 cartoon atoms and cyclic olefins of 3 to 20 
carbon atoms given as examples of olefins that can be polymerized using the olefin polymerizatibn catalyst described 
30 above. Such an olefin may also be oopolyinerized with styrene, etc. 

It is preferable that olefiri polymer (B) is a polymer containing units derived from an olefin of 2 to 6 cartoon atoms as 
the main constituting units and It is particularly preferable that olefin polymer (B) is an ethylene polymer or propylerie 
polymer containing units derived from ethylene or propylene as the main constituting unit. To be more specific, olefin 
polymer (B) is an ethylene polymer or propylene polymer in which units derived from ethylene or propylene amount to 
35 80 to 100 mole %. preferably 90 to 100 mole %. more preferably 92 to 100 mole %. 

For exarrple, the propylene polymer contains, as other olefin units, units derived from ethylene in an amount of 0 
to 10 mole %. preferably 0 to 8 mole%. more preferably 0 to 5 mole %, and units derived from olefins of 4 to 12 carbon 
atoms in an amount of 0 to 15 mole %, preferably 0 to 10 mole %. more preferably 0 to 5 mole % 

Atong witti such dleffin-derived units, olefin polymer (B) used in the present invention may contain units derived in 
40 particular from olefins having a branched structure or polyenes of 4 to 20 carbon atoms in an amount of 5 mole % or 
less 

Specific examples of olefins having a branched structure include 3^ethyl-l43utenei 3-methyl-1-perttene, 3^ethyl- 
l-pentene. 4-methy1-1-pent^e. 4-mBthyl-1-hexene. 4,4-dimethyl-1-hexBne. 4.4-dimethyl-1-pentene, 4-ethyl-1 -hexene. 
3-ethyl-1-hexene, altylnaphthalene, allylnorbornane, styrene, dimethylstyrenes, vinylnaphthalenes. allyHoluenes, allyl- 

46 benzene, vinylcyclohexane, vinylcyclopentane. vinylcycloheptane. etc.. 

Specific examples of polyenes Include 1 .3-butadiene. 1 .3-pemadiene. 1 .4-pentadiene. 1 .3-hexadiene, 1 .4.hexadi- 
ene. t.5-hexadlene. 4-mBlhyl-1.4-hexadiene. 5^methyl-1.4-hexadiene. 6-methyl-1 .6-octadiene. 7-methyl-1,6-octadiene. 
6-ethyl-i,6-octadiene, 6-propyM .6-octadlene. 6-butyl-l.6-octadlene. &-methyl-1,6-nonadiene. 7-methyi-i .6-nona- 
diene. 6-ethyl-1 .6-nonadiehe, 7-ethyt-1.6-nonadiene, 6-methyi-1.6-decariiene. 7-mBthyl-1 .S^ecadiene, 6-mBthyl-1.6- 

50 undecadiene, 1 ,7.octadiene, 1 ,9-decadiene. isoprene, butadiene, ethyliden'e norbornene. vinyl norbomene, dicyclopen- 
tadiene. etc. 

In the case where olefin polymer (B) is used together with non-crystalline olefin polymer (A-1) to form a composi- 
tion, it is desirable for olefin polymer (B) to have an intrinsic viscosity hi as measured in decalin at ISS^'C in the range 
off 0^5 to 20dl/g. jM-eferably 0.7 to 1 0dI/g; a melting point (Tm) as measured by a differential scanning calorimeter (DSC) 
55 in the range of IPO'K: or more, preferably nO to 167**C; and a density in the range of 0.85 to 1.0g/cm^, preferably 0.870 
to 0.975g/cn^. 

In the cas where ol^in polymer (B) is used together with crystalline olefin polymer (A-2) to from a composition, it 
is preferable for olefin polymer (B) to have an intrinsic viscosity [ti] as measured in d calin at 135*C in the range of 0.5 
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to 20dl/g. preferably b.7 to I0dl/g: and a density in the range off 0.85 to 0.9Sg/cm^. preferably 0.855 to 0.97Qofcm^. 

The melting point (Tm) is deta-mined as the temf^^ture of the maximum peatc position in the endothermic cuive 
meaajred by a differential scanning calorimeter (DSC). The endothermic curve Is obtained when a sarrple. which has 
bean molten and then solidified by lowered the temperature at a rate of iO'C/minute. is heated up at a rate of 
10*C/minute 

Olefin Polymer Composition 

The olefin polymer composition according to the present invention includes 

an embodiment corttaining non-crystalline olefin polymer (A-1) in an amount of 99 to 1 weight parts, preferably 70 
to 5 weight parts, more preferably 50 to 10 weight parts and 

olefin polymer (B) in an amount of 1 to 99 weight parts, preferably 30 to 95 weight parts, more preferably 50 to 90 
weight parts (wherein the total arnounl of (A-1) and (B) is 100 weight parts) and 

an embodiment containing crystalline olefin polymer (A-2) in an amount of 99 to 1 weight parts, preferably 95 to 5 
weight parts, more preferably 90 to 10 weight parts and 

olefin polymer (B) in an anwunt of 1 to 99 weight parts, preferatily 5 to 95 weight parts, more preferably 10 to 90 
weight parts (wherein the total amount off. {A-2) and (B) is 1 00 weight parts). 

The ol^in polymer composition according to the present invention can be prepared by generally known methods 
of preparing resin compositions^ and tor example can be prepared l>y melting and kneading non-crystalline olefin poly- 
mer (A-1) (or crystalline olefin polymer (A-2)) and olefin polymer (B) 

The olefin polymer compositipn can also be produced by polymerizing olefins using the above-described olefin 
polymerization catalyst comprising 

(a) 

(a-1) a conpound of a transiton metal from Group 4 of the periodic table or (a-2) a titanium catalyst component 
containing magnesium, titanium, and ffialogen. 

(b) a compound off a transition metal ffrom any of Groups 8 to 10 of the periodic table having the general formula 
(I) indicated above, and 

(c) at least one compound selected from among (c-1) organic aluminum oxycompounds. (c-2) ajkylboronic acid 
derivatives^ and (c-3) compounds reacting with the transition metal cornpound to form an ion pair, and if nec- 
essary. 

(d) an organometallic comjxjund 

The olefin polymer composition comprised of nonK;ry5talline olefin polymer (A-1) and olefin polymer (B) preferably 
has a melt flow rate (MFR; measured at 230'»C under a load of 2.16kg in compliance with ASTM D1238-65T) in the 
range of 0.01 to lOOOg/lO minutes, preferably 0.1 to IOOg/10 minutes. 

The olefin polymer composition comprised of crystalline olefin polymer (A-2) and olefin polymer (B) preferaljly has 
a melt index (Ml; meastred at 190**C under a load of 2.16kg in compliance with ASTM D1238-65T) in the range of 0.01 
to 1 0OOg/10 minutes, more preferably 0. 1 to 1 00g/l 0 niinutes. 

The abo^e-mentionBd olefin polymer composition comprised of non-crystajline olefin polymer (A-1) and olefin pol- 
ymer (B) has excellent rigidity characteristics such as tensile modulus as well as excellent impact resistance. The mold- 
ing properties (moldability) can be further inproved t>y using a selection of non-crystaDine olefin polymer (A-1) and 
olefin polymer (B) that differ In melt flow rate- 
Also, the above-mentioned olefin polymer composition comprised of crystalline olefin polymer (A-2) and olefin pol- 
ymer (B) has high melt tension and excellent molding properties (moWability), and thus can produce molded articles 
having excellent mechanical strength and heat resistance. 

In addition to the above-mentioned non-crystalline olefin polymer (A-1) (or crystalline olefin polymer (A-2)) and ole- 
fin polymer (B). the olefin polyrner composition according to the present invention may contain additives, other poly- 
mers, etc.. if necessary as long as these are not detrimental to the purpose of the present invention, and for example, 
a suitable amount of a rubber component for improving impact resistance may be contained. Examples of additives 
Include nucleating agents, antioxidants, hydrochloric ackJ absorbents, heat stabilizers, weathering stabilizers, light sta- 
bilizers, ultraviolet absorbers, slip agents, anti-blockir>g agents, anti-fogging agents, lubricants, antistatic agents, flame 
retardants, pigments, dyes, dispersing agents, copper inhibitors, neutralizers, foaming agents, plasticizing agents, anti- 
foaming agents, crosslinWng agents, flow property improving agents, such as peroxides, etc., weld strength improving 
agents, riatural oils, synthetic oils, waxes, etc. 
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For example when the olefin polymer composition contains a nucleating agent, not only the crystallized particles 
can be made finer but also the aystaliization speed ^ impro^ to hereby enable rapid molding. 

Various nudeatingagerits generally iQiown can be used as the nucleating ag nt without any particular r strictions. 
aiid from amorig the followlrig riuclealing agents can be used fa^ 




In the above formula. Indicates oxygen, sulfur, or a hydrocarbon group of! to 10 carbon atoms, and and 
may be the same as or different from each other and are each hydrogen or a hydrocarbon group of 1 to iO carbon 
atoms. Both R^ both R^, or R^ and R^ may be bonded to each other to form a ring, M Indicates a metal atom having a 
valence of 1 to 3 and n Is an integer off T to 3. 

Specific examples Include ... 
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sodiuin-2 , 2 • -methylene- 
bis (4, 6-di-t-buCylphenyl) phosphate, sodium-2. 2' , 
ethylidene-bis (4, 6-di-t-bufeylphenyl)phosphate, lithium- 
2, 2 • -methylene-bis- (4 . 6-di^t-but-yiphenyl)phpsp 
Uthi\m-2 ;2 ' -ethylidene-bis (4. 6-di^t- 

butylphenyljphosphate, sodium-2 , 2 • -ethylidene-bis (4-i- 
propyl-6-t-butylphenyl )phosphate, lithiura-2 , 2 • ^ 

methylene-bis(4-^methyl-6-t-butylpheny:i)phosphate; 
lithium-2, 2 • -methylene-bis (4-ethyl-6-t' 
butylphenyl ) phosphate , calcium-bis [2,2- -thiobis (4- 
■ =iethyl-6-t-butylphenyl) phosphate], calcium-bis [2, 2 • - 
thiobis (4-ethyl-5-t-butylphenyl)phosphate] , calcimn-^ 
bis [2,2 ' -thiobis ( 4. e-di-t -butylphenyl )phosphateJ , 
■ roagnesivmi-bis(2,2'-thiobis(4/6-di-t- 

butylphenyDphosphateJ , magnesiuih^bis [2,2- - thiobis {4- 1- 
octylphenyl) phosphate] , sodiuin-2 , 2 ' -butylidene-bis {4;6- 
di -laethylphenyl ) phosphate , sodiutn-2 . 2 ' -butylidene- 
bis ( 4 , 6-di-t -butylphenyl ) phosphate, sodium-'2 , 2 • - 1- 
octylmethylene^bis ( 4 , 6-di -rnethyiphenyi )phosphate, 
sodiu3i>-2 , 2 ' -t-octylmethylene-bis ( 4 , 6-di -t- 
butylphenyl ) phosphate, calcium-bis (2 , 2 • -methylene- 
bis (4, 6-di-t-butylphenyl) phosphate) , magnesiuin-bis f2,2 ' - 
methylene-bis ( 4 , 6 -di-t ^butylphenyl ) phosphate] , barium- • 
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bis[2.2'-methylene-bis(4,6-di-t-butylphenyl)phosphate] ; 
sodiuin-2 , 2 ' -methylene -bis (4-inethyl-6-t- 
butylphenyl } phosphate , soditiin-2 , 2 ' -me thylene-bis ( 4 - 
ethyl- 6- t-butylphenyl ) phosphate , sodiiam (4,4' -dimethyl - 
5,6'-di-t*butyl-2,2'-bipheziyl)phosphate, calcium- 
bis [ (4. 4 • -dimethyl-6, 6 ' -di-t-butyl-2 , 2 • - 
. biphenyl) phosphate] . sodiLim-2 , 2 ' - e thy li dene -bis {4-n- 
butyl- 6 ^t -butylphenyl ) phosphate , sodi\im-2 , 2 ' -methylene- 
bis <4, 6-di-methylphenyl)phosphate, sodiuin-2, 2 ' - 
methyl ene-bis (4, 6-di-ethylphenyl) phosphate, potassium- 
2, 2 • -ecbylidene-bis (4, 6 -di-t -butylphenyl) phosphate,. 
calciuni-bis[2, 2 ' -ethylidene-bis-4, 6-di-t- 
butylphenyl] phosphate] , magnesium-bis [2 , 2 ' -ethylidene- 
bis [4 , 6 -di-t -butylphenyl ) phosphate] , barium-bis [2,2'- 
ethyl idene-bi s { 4 , 6 -di 1 -butylphenyl ) phosphate ] , 
alumin\Jin-tris [2,2' -methylene-bis (4 , 6-di- 1- 
butylpheriyl) phosphate] , aluminum-tris 12,2' -ethylidene- 
bis (4 , 6-di' t -butylphenyl) phosphate, 

and mixtures of two or more of the above. 

Among the above. socnum-2.2--methylene-bis(4.6-dl-t-butylphenyOphosphate is particularly preferable. 



M 



In the above formula, indicates hydrogen or a hydrocartjon group dl to 10 carbon atoms, M indicates a metal 
atont having a valence of 1 to 3. and n indicates an integer of 1 to 3. „ \. . ^ 

Specific examples include sodium-bi5(4-t-butylphenyOphosphate. sodium-bis(4.methylphenyl)phosphate, sodium- 
bis(4.ethylphenyl)phospha1e. sodium-bi8(4H-propylphenyDphoBphate. sodium-bis(4-t-octylphenyl)phosphate, prtas- 
sium*is(4-t-butylphenyl)phosphate. calcium-bis(4-t.butylphenyl)phosphate, nnagnesium-bis(4-t-butylphenyl)phos- 
phate lithium*is(4-t-butylphenyl)phosphate. alumJnum-bis(4-t-butylphenyl)phosphate. and mixtures of two or more o» 
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the above. 

Among the above, sodiuni-bis(4-t-butylphenyl)phdsphate IsfavoraWa 

OH 



OH 



IS 



20 



25 



30 



In the above formula. indicates hydrogen or a hydrocarbon group of i to 10 carbon atoms. 
Specific examples indude 
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1,3,2,4- 

dibenzylidenesorbitol , 

1 , 3 ^ben2ylidene-2 , 4 -p-methylbenzylidenesorbitol , 

1 , 3 -benzylidene-? , 4-p-ethylbenzylidenesorbitol , 

1 ^ 3-p-inethylben2ylidene-2 , 4-benzylidenesorbit:ol, 

1 ^ 3 _p_ethylbenzylidene-2 , 4-benzylidenesorbitol , 

1 , 3-p-Tnethylbenzylidene-2 , 4-p-ethylbenzylidenesorbitoi: 

1, 3-p-ethylbenzylidene-2, 4-p-niethylbenzylidenesorbitol, 

1 , 3 /2 , 4 -di {p-methylbenzyl idene ) sorbitol , 

1,3,2, 4-di (p-etJiylbenzylidene) sorbitol, 

1 , 3 , 2 , 4-di (p-n-propylbenzylidene) sorbitol , 

1, 3 /2 /4-di (p-i-propylbenzylidene) sorbitol, 

1,3,2, 4-di (p-n-butylbenzylidene) sorbitol , 

1,3,2, 4-di (p-s-butylbenzylidene) sorbitol, 

1,3^2, 4-di (p-t-butylbenzylidene) sorbitol, 

1,3,2, 4-di (2 ' , 4 ' -dime thy Ibenzylidene) sorbitol , 

1 , 3 , 2 , 4-di (p-methoxybenzylidene) sorbitol , 

1^ 3 ^ 2 , 4-di (p-ethoxybenzylidene) sorbitol, 

1 , 3-benzylidene-2 , 4-p-chlorobenzylidenesorbitol, 

1 , 3-p-chlorobenzylidene-2 , 4-benzylidenesorbitol , 

1,3 -p-chlorobenzylidene-2 , 4-p-inethylbenzylidenesorbitol , 

1 , 3-p-chlorobenzylidene-2 , 4-p-ethylbenzylidenesorbitol , 
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1 # 3 -p^raethylbenzylidene-2/4-p-chlorpberi^^ 
^ 1,3 -p-et:hylbenzylidene-2v 4-p-chlorobenzylidenesorbitol, 

1, 3 , 2, 4-di (p-chlorobenzylidene) sorbitol, 

10 arid mixtures of two or more of the above. 

Amongthe above, 1 ,3.2,4-dlbeh2yIidenesortjtel. l,3.2,4Hji(p-rnethylbenzylidene)sorbito^ 
dene)sorl)itbl, r,3-p<:hlorobehzyliderie-2,4-p-methyJbenzylideries^ and 1.3.2,4<n(p-chlorobenzylklBne)sorbHDl. 
arKi mixtures oftwo or more of these are favorat^ 

Metal saKs of aromatic carboxylic adds and fatty cartjoxylic acids, such as aluminum benzoate, aluminium p-t- 
butyibenzonate, sodium adipate. sodium thiophenecaiboxylate, sodium pyrolecaitxsylate, etc., can be given as exam^ 
pies of nudeating agents. Talc and other Inorganic cpmpburtds mentioned below may also be used as nudeating 
agents. . » 

It is desirable for the olefin polymer cornpositian according to the present invention to contain the above- mentibned 
nudeating agent in an amount of approximaitely 0.001 to 10 weight parts, preferably 0:01 to 5 weight parts, more pref- 
erably 0.1 to 3 weight parts, per total of 100 weight parts of the above-mentioned non-crystalline olefin polymer (A-1) 
(of crystalline olefin polymer {A-2)) and olefin . 
Phenol antldxidanls. sulfur antioxidants, and phosphorus anlioxidahts can be used as the antioxidants. 
Examples of phenol aritioxidantB include phenols, su^ 
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2 , 6-di-tert-butyl-p-crespl, 
^tearyl (3 , 3-diinethyl-4-hydroxybenzyl) thioglycolate, 
steaxyl-p- ( 4-hydroxy-3 , 5-di- tert-butylphenol) 
propionate, distearyl-3 , 5-di-tert"but:yl-4-hydroxybenzyl 
phosphonate, 2,4, 6-tris (3 ' , 5 • -di- tert-butyl-4 • - 
hydroxybenzylthio) -1 , 3 , 5-triazine, distearyl (4-hydroxy- 

3- methyl-5-t:ert-butylbenzyl) malonatSr 2 , 2 * -methylene- 
bis (4-inethyl-6-terti-but.ylphenol) , 

4,4' -methylene -bis {2, 6-di-tert-butylphenol> / 
2,2' -methylene -bis [ 6- ( 1-methylcyclohexyl) p-cresol] , 
bis[3,5-bis(4-hydroxy-3-tert-butylphenyl) butyric acid] 
glycol ester, 4 , 4 ' -butylidene-bis {6-tert-butyl-m- 
cresol) , 1, 1, 3-tris ( 2 -methyl -4 -hydroxy- 5- tert- 
butylphenyl) butane, bis [2-tert-butyl-4-methyl-6- (2- 
hydroxy-3-tert-butyl-5-methylbenzyl ) phenyl] 
terephthalate, 1.3, 5-tris (2 , 6-dimethyl-3-hydroxy-4-tert- 
butyDbenzyl isocyanurate, 1, 3 , 5-tris (3 , 5-di-tert-butyl- 

4- hydroxybenzyl ) -2 , 4 , 6- trimethylbenzene , 
tetrakis [methylene-3 - (3 , 5-di~tert-butyl-4- 
hydroxyphenyl) propionate] me thane,. 1 , 3 , 5-tris (3 , 5-di- 
tert-butyl-4-hydroxy]penzyl ) isocyanurate , 1,3,5- 
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trisf {3,5-dl-cert-but:yl-4- 
hydroxYphenyl)propio^yloxirethy^J isocyanurate, 
2-octylthio-4.6-di(4-hydroxy''3,5-di-tert-butyi)p 
l,3,5-tria2ine. 4. 4 • -thiobis (S-cert-butyl-in^cresoi) , 
etc*, and polyphenol oligocarbonates, . 

Btjh as oliflocart»nates (haying 10) of 4.4^l«.Wlclene*i8(24en4xrtyl^ 

Examples ol sulfur antioxidants include 

dilauryl-, 

dimyristyl-, distearyl-, and other dialkyl^ 
thiodiprppionates and polyhydricalcohpl (£or exainple, . 
glycerine, trimethyloletihane, trimethylolpropane, 
pentaemhritol/trishydroxyethyl i^ocyanurate) ^^^^ 
of butyl-, octyl., lauryl-, stearyl-, and other alkyl. 
thiopropionic acid (for exaniple, pentaerythritol ' 
tetralaurylthiopropionatel . . ... 

Exanples cf phosphorus aiiUpxidants include 

trioctyl phosphite, trilauryl phosphite, tridecyl 

phosphite, octyl-diphenyl phosphite, tris (2, 4-di-tert- 
butylphenyi) phosphite, feriphenyl phosphite, 
tris (butpxyethyl) phosphi te, tris (nonylphenyl) 
phosphite, distearyl pentaerythritol diphosphite, 
tetra(tridecyl)-i, l,3-tris(2^methyl-5-tert*butya-4- 
hydroxyphehyl)butane diphosphite. tetra{Ci2 - Ci5 mixed 
alkyl)-4.4'-isoprppylidene diphenyl diphpsphite, 
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tetra ( tridecyl) -4,4 ' -butylidene bis (3-methyl-6-tert- . 
butylphendl) . diphosphate, tris (3 , 5-di-tert-butyl-4- 
hydroxyphenyl) phosphite, trisdnono/di mixed 
nonylphenyl ) phosphite , hydrogenated-4 , 4 ' - isopropylidene 
phenol polyphosphite, bis (octylphenyl) /bis [4 , 4 ' - 
butyl idene-bis (3 -methyl- 6 -tert-butylphehol ) ] /1 , 6- 
hexanediol diphosphite, phehyl/4, 4 • -isopropylidene . 
diphenol/pentaerythritol diphosphite, bis (2 , 4-di-tert- 
butylphenyl) pentaerychritol diphosphite, bis{2 , 6-di- 
tert-butyl-4-inethylphenyl) pentaerythritol diphosphite, 
tris [4 , 4 ' -isopropylidene-bis (2-t:ert-butylphenol) ] 
phosphite, phenyl /disodecyl phosphite, di (nonylphenyl) 
pentaerythritol diphosphite), tris(l,3-di- 
s tearoyloxyisopropyl ) phosphite , 4,4 ' -isopropyl idene- 
bis {2-tert-bucylphenpl) /di (nonylphenyl) phosphite, 9, 10- 
di -hydr o - 9 - oxa- 1 0 -phosphaphenari t hr ene - 1 0 - oxi de , 
tetrakis ( 2 , 4-di-tert-butylphenyl) -4 , 4 * -biphenylene 
diphosphonite, etc. 

Other aniioxidaiTts that can be used Include 
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10 



hydropcychron^ derivatives, such as a/ y, and 5 
tocopherols and their „ixtu«^ 

substituted, 2,5.8-t^i«.ethyl-substituted, and 2.5.7.8- 
t.tran.ethyl-substitut.d conpounds of 2- -methyl -pen ta- 
3-enyl,-6-hydro^hrp„^. 

6-hydroxychron^n.. 2.2.5,tri«ethyl-7.tert^butyl-6- ^ 



2$ 



hydroxychron^, 2, s/s-trimethyi.e-tert^butyl-s; 
hydroxychroman, 2.2-dii„ethyl,5-tert.butyl-6- 
hydroxychtoinan. etc. 



each a pos*ve number, and a IS 0 or a pS^e Srt^ 

^ %6Al2r0H)i6CO3.4H20, 

MggAls {OH) 20CO3 ■ 5H20, 
40 ' . . M95Al2{OH)i4C03 -4H20, 

. MgioAl2 (OH) 22 (CO3 ) 2 • 4H20. 
Msf6Al2 (OH) 16HPO4 - 4H2O. 

45 . ' ■ ■ ■ ■ 

Ca6Al2 (OH) 16CO3 • 4H2O, 

ZnisAlj (OH) 16CO3 . 4H20, 
^ ^n6Al2 (OH) 16SO4 -41120, 

*^6Al2 (OH) igSOs • 4H2O. 
» %6Al2(0H)i2C03'3H20, 

Examples o» light stabiliz rs include 
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hydroxybenzophenones , such as 2-^hyidroxy^4- 

me thoxybenzophenone , 2 -hydroxy- 4 -n-OG toxybenzophenone^ 

2,2 ' -di-hydro?cy-4-methoxybenzophenone, 2,4- 

dihydroxybenzophene, etc.; benzottriazoles, such as 2- 
. ' . « ' ' ■. ' 

^ ■ ' ' IS , ' ■ ' ' . - ■ / . . \ 

90 , ' ■" , 

36 : ' ' 

40 

'45 ' 
SO 
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{2 \-hydroxy-3 ^-tert-butyl-S • -inethylphenyl) -5- 
cHlorobenzbtf iazole> 2 - (2 ' -hydroxy- 3 • . 5 • -di-tert- 
butylphenyl) -S^chlorobenzotriazole^ 2- (2 ' -hydroxy^S^ ^ 
inethylphenyi ) benzotr iazole , 2 - ( 2 ' -hydroxy-3 ' , 5 ' -di - tert- 
aiiQ^lphenyl)benzot:riazble, etc, ; berizoates, such as 
pheiiylsalicyiate, p-tert-butylphenyl salicylate , 2] 4-di- 
tert-butylphenyl-3, 5-di-tert'butyl-4-hydroxybenzoate, 
hexadeGyl-3 , 5-di-tert-^butyl-4-hydroxybenzoat:e etc. ; 
nickel compounds, such as Ni salt of 2, 2 ' -thipbis (4- 
tert-octylphenol) , {2 , 2 • -thiobis (4-tert^ 
octylphenolate) ] -n-butylait\ine Ni, Ni salt of (3,5-di- 
tert-butyl-4-hy<^oxybenzyl) phosphonic acid mpnoethyl 
ester, etc.; substituted acrylpnitriles, such as inethyl. 
a-cyano-|3-ihethyl-|3- (p-ine thoxyph^yl ) acrylate , e te . ; 
oxalyldianilides, such as N' -2-etbylphenyl-N-eth6xy-5- 
35 . terc-butylphehyloxalyldiamide, N-2-ethylphenyl-N' -2- 
ethoxyphenylpxalyldiamide , etc.; arid hindered amine 
compounds, such as bis (2 , 2 , 6, S-tetrainethyl-4-piperidine) 
sebaceate, poly [ £ (6- {1, 1 /3 , 3'tetramethylbutyl) imino) - 
1, 3, 5-triazine-2, 4-diyl{4- (2,2, 6, 6- 

tetramethylpiperidyl)imino)hexamethyleneJ^ cpnc3ensate of 
2- (4-hydrpxy-2, 2, 6, 6 -tetramethyl-l -piper idyl ) ethanol and 
diinethyl succinate," etc. 
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55 Examples of lubricams include afjpHatic hydroc»it>ohs, such as paraffin wax* polyethylene wax, polypropylene wax, 
etc.; higher fatty acids, such as capric acid, lauric acid, myristic acid, palmitic add, margaric add, stearic acid, arachldic 
add, behenic add, etc., arid metal salts thereof (for example, lithium salts, calcium safts. sodium salts, magnesium 
salts, potassium salts, etc.): fatty alcohols, such as palmityl alcohol, cetyl alcohol^ stearyl alcohol, etc.; fatty amides. 
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such as capronamide. caprylamide. caprinamide. laurylamide. myristamlde. palmltamide. stearamide. etc.; alcohol 
esters <rf fatty acids; and fluorine compounds, such as f luoroalkylcartwxylic acids and metal sails thereof, metal salts of 
f luoroalkytsutfohic add. etc. 

•me olefin polymer composition may contain the above additives In an amount of O.ODOl to 1 0 % by weight. 
5 The olefin resin composition according to the presorit invention may contain fillers, such as silica, diatomaceois 

earth alumina, titanium oxide, magnesium oxide, pumice powder, pumice balloors. aluminum hydroxide, magnesium 
hydro^e baac magnesium carbonate, dolomite, calcium sulfate, potassium ttanate, barium sulfate, calaum sulfite, 
talc day. 'mica, asbestos, glass fiber, glass flakes, glass beads, calcium silicate. montmorUlonHe, bentonite. graphite, 
aluminurii powder, molybdenum suit ide. boron fiber, silioon caiWde fiber, polyethylene fiber, polypropylene fber. poly- 
pe ester fiber, polyamide fiber, etc. ^ * ♦u^ r.r^«.«* 
By incorporating such additives as mentioned above, the olefin polymer composition according to the present 
invention can provide a molded product that is further improved in the balance of physical properties. durabBity. coatmg 
properties, printing properties, scratch resistance, molding and processing properties, etc. 

IS Molded Product 

The above-described olefin polymer compositions of the present invention can be used widely in conventionally 
known polydef in applications, in particular, for heat molding to prepare, for example, sheets, unstretched or stretched 
films filaments, and moWed products of various other shapes, in the present invention, it is particularly preferable that 
the olefin polyrnw compositions containing a heat stabilizer as an additive are used for heat molded products. 

Specific examples of heal molded products include molded products obtained by known heat molding methods 
such as extrusion molding, injection molding, inflation molding. Wow molding, extrusion blow molding. Injection Wow 
molding, press molding, calendering, foam molding, etc A few examples shall be given below to describe such heat 

molded products. . ^ ^ u,*» 

When for example the heat molded product according to the present invention is an extrusion molded product, tne 
shape and type of product is not limited in particular, and sheets or films (unstretched). pipes, hoses, electnc cable jack- 
ets filaments, etc., can be given as examples, and sheets, films, and filaments are especially favorable. 

* Conventtonally known extrusion machines and molding conditions can he employed in extrusion molding the olefin 
polymer oonposHion and. for example, the olefin polymer composition can be molten using a single screw extruder, 
kneading extruder, ram extrnder, gear extruder, etc.. and are extruded through a T die to form into a sheet or film 

^""^*^tch^ films can be obtained by stretching the above-mentioned extruded sheet or extruded film (unstretched) 
by known stretcNng methods, such as a tentering method (longitudinal-transverse sIretcWng, transverse-longitudinal 
stretching), simultaneous biaxial stretching method or uniaxial stretching method. 
35 The draw ratio in the stretching of an unstretched sheet or film may be usually about 20 to 70 times in the case of 
biaxial stretching and usually about 2 to 10 times in the case of uniaxial stretching. It is desiratrfe to obtain a stretched 
film having a thtokness of about 5 to 200nm by stretching. . • 

As another molded product in the form of a fflm. blown films may also be produced. The olefin polymer composi- 
tions comprising crystalline olefin polymer (A-2) and olefin polymer (B) are favorable as blow-extrusion material since 
4C these are high in melt tension and will not readily undergo drawdown in the Wow^xtrusion molding proce^. 

Molded products in the form of sheets and films, which are obtained from the olefin polymer compositions of the 
present invention comprising non<:ry5talline olefin polymer (A-1) and olefin polymer (B). do not become charged easily, 
are excellent in ri^dity characteristics such as tensile modulus, heat resistance, impact resistance, aging resistance^ 
transparency, see-through properties, luster, rigidity, humidity resistance, and gas barrier properties, and can be used 
widely as for example, padaging films. Also, the molded products in the form of sheets and tarns, which are obtained 
from the olefin polymer compositions comprising crystalline olefin polymer (A-2) and olefin polymer (B). are excellent in 
mechanical properties, such as tear strengtti, heat resistance, impact resistance, aging resistance, transparency, see- 
through properties, luster, rigidity, humidity resistance, and gas barrier properties. 

Since sheets and films obtained by heat molding the olefin polymer compositions of the present invention are par- 
tlculariy excellent in humidity resistance, they can be used favorably, for example, as materials for press-through pack- 
ages of drug tablets, capsules, etc. ^ u • v./» 

Filaments can be produced for example by extruding tine molten olefin polymer composition through a spinning 
nozzle The resulting filaments can be stretched further. It is sufficient that this stretching be performed so that the mol- 
ecules become oriented in at least one axial direction of the f ifament and it is usually desirable to perform stretching to 
55 attain a draw ratio of about 5 to 10 times. 

Filaments obtained from the olefin polymer compositions of the present invention comprising non-crystaHine olefin 
polymer (A-1) and olefin polymer (B). are excellent in rigidity, heat resistance, and impact resistance. Filamente. 
obtained from tiie olefin polymer compositions comprising crystalline olefin polymer (A-2) and olefin polymer (B). do not 
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bBOome charged readity and are excellent in m&:hanicai characterises. 

jrijectlon molded products can be produced by Injection molding the olefin polymer composition into various shapes 
using conventionally known injection molding machines and conditions. . 

irijectioh molded products, obtained Itarn the olefin polymer compositions of the preserit Invention comprising non- 
crystalline olefin polymer (A-1) and olefin polymer (B), are excellent in rigidity, heat resistance, impact resistance, sur- 
face luster, chemical resistance, wear resistance, etc. Injection molded products, obtained from the olefin polymer com- 
positions comprising crystalline olefin polymer (A-2) arxl olefin polymer (B), are excellent in mechanical characteristics, 
such as tear strength, heat reslstarice. inpact resistance, surface luster, chemical resistance, wear resistance, etc. 

Injection molded products formed from the olefin polymer compositions according to the present invention can be 
used widely as interior automotive trim materials, exterior automotive trim materials, housings for household electric 
products, wious types of contahers, etc. 

Blow molded products can be produced by blow molding the olefin polymer composition using conventionally 
known blow hrioldirig machines and cdriditid^ 

For example, in extrusfbn blow molcfing. the above-mentioned olefin polymer compbsitipn can be extruded from a 
die in the molten state at a resin temperature of 100°C to 300°C to form a tubular parisoh. which is then introduced in 
a mold of a desired shape where air Is blown into the parison at a resin temperature of 1 30*C to 300*C to form a hollow 
molded product. It Is desirable that the draw (blow) ratio is 1.5 to 5 tirnes in the transverse direction. 

In injection blow mokJing, the aibove-mentioned olefin polymer oomposrtipn can be Injected into a parison nriold in 
the molten stale at a resin temperature of 1 0d°C to 300'*C 16 fornfi a parison. After the parison is placed in another nrK)kJ 
of a desired shape, air is blown into the parison at a resin temperature of 120^0 to SOp'^C to fonfn a hdllOw mbUed prod- 
uct. It is desirable that the draw (blow) ratio is 1.1 to 1.8 times in the longftudlnal direction and 1.3 to 2.5 tirnes in the 
transverse directton. 

Blow molded products, obtained from the olefin polymer compositions of the present invention comprising non- 
crystalline olefin F>olymer (A-1) and olefin polymer (B), are excellent in rigidity, heat resistance and impact resistancej 
as well as in humidity resistance. Blow molded products, obtained from the olefin polymer compositions comprising 
crystalline ol^in polymer (A-2) and olefin polymer (B), are excellent in mechanical characteristics Nuchas tear strength, 
heaf resistance and brpact resistance, as well as in humidity resistance. 

IMold stamping molded products can be given as examples of press molded products, the olefin polymer compo- 
sitk>ns accorcfihg to the present Invention can be used for exanrple as a substrate material in a conrfiosite integral mold- 
ing (mold standing molding} process wherein the substrate material and a slwi rfiaterial are press molded 
simultaneously. 

Specific examples of such nx)ld stamping molded products include iriterior automotive trim materials, such as door 
trims, rear package trims, sear back garnishes, instrument panels. 

' Press molded products, obtained fnsm the olefin polymer compositions of the present invention comprising non- 
crystalline oi^ln polymer (A-1) and olefin polyrner (B), are excellent in rigidity, heat resistance. Impact resistance, aging 
resistance, surface luster^ chemical resistance, wear resistance, etc. Injection moMed products, obtained from the olefin 
polymer compositions comprised of crystalline olefin polymer (A-2) and! olefin polymer (B), are excellent in mechanicaF 
characteristics, such as tear strength^ heat resistance, impact resistance, aging resistance, suriace luster, chemical 
resistance, wear resistance, etc. 

EFFECTS QF THE INVENTION 

The olefin polymercation catalysts accorcfing to the present ihverltioh exhibit a high polyrnerizatibrt activity arid 
yield olefin |iK>lymers of wide molecular wdghtdistrll^ The olefin polymers obtained using the oletin poiyrherizatioh 
catalysts according to the present invention are wide in molecular weight distribution and excellent in molding proper- 
ties (moldabillty]. 

The present inveritibh enables the obtaining of olefin polymer compositions, that are excellent in rigidity character- 
istics, such as tensile modulus, etc., and in mechanical characteristics, such as impact strength, etc.. as well as in mold- 
ing properties (moldat^ility). and heat rrwlded products, that are formed from the olefin polymer composition and have 
excellent rigidity and mechanical properties, the present invention furthermore enables the obtaining of olefiri polymer 
compositions, that are excellent in mechanical characteristics and heat resistance as well as in moteling properties 
(moldability), and heat molded products, that are formed from said olefin polymer compositions and have excellent 
mechanical properties and heat reststanoe. 

EXAMPLES 

The present invention shall now tie described in more detail with reference to the following examples, but it shouki 
be construed that th present invention is jn no way limited to these xampl es. 
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In the examples, the molecular weight distribution (Mw/Mn) of a polymer was measured by permeation chroma- 
tography (QPC) at a temperature of 140'C using o-dichlorobenzene as a so^/e^t. The intrinac \nscosity [n] was meas- 
ured in decalin at 135''C. Ihe glass transition temperature (Tg) and the melting point (Tm) were measured using a 
drtferential scanning (»lorimdter ait a h 

the tensile modulus (YM) of ah .olefin polymer odmposHion was measured in compliance with ASTM D638. Tlie 
Izod impact strength (IZ) was measured In compllahce with ASTM D256. The rnelt index (MO was measured In cbhpll- 
ance with ASTM P256 at 19b^C under a load of 2.16kg. the melt tension (MT) was determined by measuring the ten- 
sion applied to a filament when a strand extruded under the conditions of a measurement temperature of 190^*0 and 
extrusion rate of 1 5mm/minute, is drawn out at a constant speed by means of Melt Tension Tester produced by toyo 
Seild Co.; Lid. the fBm impact strength was measured by means of a penduluni type film irrpact tester (Film impact 
TesleO produced by Tdyp SeiW Produd 

Example T "t"^ -^^ ■ ^~ \^ - ^: ' ^ ■- 

250ml of toluene were placed in a 500-ml glass autoclave tfSoroughly purged with nitrogen arxJ a mixed gas of eth- 
ylene and propylene (120 1/hr and 80 l/hr, respectively) was passed through the autoclave at 25^C for 10 minutes. 
thereafter. 1.25 mmol, in terms of aluminum atom, of methylalumlnoxane. iand then a mixture o1 0.0005 mmol of 
bis(1 ,2,4-trimethylcyclppentadieriyl)zircpnuum dichloride and 0.005 mmol of a transition metal compour^ of fornuda (1) 
below (transition metal compound (1)) were added to start polymerization. Pplymeriziatjon was carried out at 25*^C 
urider atmpsphefic pressure for. 30 minutes while continuously feeding the mixed gas of ethylene and propylene. After 
the end of polymerization, a srnall amount of methanol was added to stop the polymeflzailon. the polymer solution was 
then added to a large excess of methanol to precipitate a polymer, and the polymer was dried at 1 3(rC und er reduced 
pressure for 12 hours. Asa result/l 4 4g of a polymer having a weight average molecu 1.2 x 10^ and 

an Mw>Mn of 4.3 were obtained - 



. iPr iPr- 




Comparative Example 1 - - . * - ~ 

Ethylerie and propylene were polymerized in the same manner as in Example i except that 0.0005 mmol of 
bis(1,2,4-trimethytcyclbpertfcadieriyl)zirconium d was used alone In place of the mixture d1 0.0005 mmd of, 

bis(l^,4-trimethyfcyclopentadieriyl)ztrcpnium dichloride and 0.005 mrhol of the above-mentioned transition metal com- 
pound (1). As a result, 8.2g of a polymer having ah Mw of 1 .9 x 1 0^ and an Mw/Mri of 2.1 were obtained. 

Comparatiye Examble 2 

Ethylene and propylene were polymerized in the same manner as in Example 1 except ttiat 0.005 mmol of the 
above-merrtroried trarisition metal compound (1) was used alone in place of the niixture of 0.0005 mmol of bls(1 ,2.4- 
trihiethy|cyclopentadienyJ}zirconium dichloride and 0.005 mmol of the above-mentioned transition metal compound (1). 
As^ r^lt, 7.9g of a polymer having an Mw of 4. 3 x 10^ and an Mw/Maof 1 .Slwere obtained: : . 

Mxampie g 

Ethylene arid pfo|:^lene were polymerized in the same hfiahner as in Exanpte i except that a mixture of 0.001 
mmol of bis(indenvi)ziroonium dichloride and 0.005 mmol of the above-mentioned transition metal compound (1) was 
used in place of the mixture of 0.0005 mmol of bis(1 .2.4-trimethylcyclopentadienyl)zirconlum dichjoride and 6.005 mmd 
of the above-mentioned transition metal compound (1). As a result. 13.8g of a polymer having an Mw of 1.8 x 10^ and 
an Mw/Mn of 4.8 wer obtained. 
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Comparative Exarrplft 3 "/ 

Ettylene andprqpylene werepcitf^ same manner as In Exaniple 2 except that d.OOT mmof of bls(inde- 

nyl)zirconlum dichlpride was used alone in place of the mixture of 0 001 mmol of bis(indenyl)zirconlum dichloride and 
s q.OOS mnrwl of the above-mentioned transition metal oomppund (1). As a result, 7.3g of a polymer having an Mw of 3.3 
X 1 0^ and an MwyMn of 2.9 were obtained 

Exampl$3 *. . . 

10 Ethylene and propylene were polymerized in the same manner as In Exariple 1 except that a mixture of 0.001 
mmol of bi5(1.3-dimethylcyck)pentadienyl)hafnium dichloride and 0.005 mmol of a trarisition metal compound of for- 
mula (2) below (transition metal con^und (2)) was used in place of the mixture of 0.0005 mmol of bis(1. 2,4-trimethyl- 
cydopentadienyOzirconium dichloride and 0.005 mmol of the above-mentioned transition metal compound (1). As a 
result. 8.2g of a polymer having an Mw of 2. 1 X 1 a^^^ 

* IS 



20 




, Conrorativ e Example 4 

30 

Ettylerieandpropylene were polynrierized in the same manner as in Examples except that 0.0 mmolof bis(1,3- 
dimethylcyclopentadienyl) hafnium dichloride was used alone in place of the mixture of 0 001 mmol of bis(1,3-dimethy|^ 
cydopentadienyOhafrjium cfichloride and 0.005 mmol of the above-mentioned transition metal compound (2). As a 
result. 4.9g of a polymer having an Mw of 3.2 X 10^ 

.35 

Comparative Exarriple 5 

Ethylene and propylene were polymerized in the same manner as in E)ample 3 except that 0 005 mmol of the 
above-mentioned transition metal compound (2) was used in place of the mixture of O.OOT mmol of bis(^.3-dimethylcy- 
4o clopentadienyOhafnium cfichloride and 0 005 nwnol of the above-mentioned transition metal compound (2). As a result, 
3.9g of a polymer havirig an Mw of 7-8 >< 10^ and an Mw/Mn o^ 

Exarnpie 4 

45 240ml of toluene arid then 1 0 ml of 1 -dctene were placed in a 506-^ml glass autoclave thoroughly purged with nifro- 
gen. Ethylerie was passed through the autodave at a rate of 200 l/hr at 25*'C for to minutes. Thereafter. 1 .25 mmol, in 
terms of aluminum atorn. of methylaluminoxane. and then a mixture of 0.0005 mmol of bis(1 ,2,4-trimBthylcydbpentadi- 
enyl)zirconium dichloride and 0.005 mmol of transition metal compound (1). were added to start polymerization. Polym- 
erizatipn was can-ied out a1 25*'C under atrrwpheric pressure for 10 jTwiutes while continuously feeding ethylene gas 

50 at a rate of 200 Vhr. After the end of polynnerizatlon, a small amount of methanol was added to stop the polymerization. 
The polymer solution was then added to a large excess of methanol to predpitete a polymer, and the polymer was dried 
al 1 30°C under reduced pressure fbr 1 2 hours. As a result. 3.9g of a polymer having an Mw of 1 .5 x 1 o^ and an Mw/Mn 
of 4.6 were obtained. 

55 Comparative gyamp^^ 



Ethylene and 1-octene were polymerized in the same manner as In Example 4 except that 0.0005 mmol off 
bis(1.2.4-trimethylcyc!opehtadienyOzirconium dichloride was used alone , in place of the mixture of 0.0005 mmol of 
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10 



20 



SO 



35 



40 



45 



SO 



bis(l5 4-timethylcyclopermdienyOzirc»hium dichloride and 0.005 mmoi of the above-mentioned transifiqn metal com- . 

Ethylene and l^e were polymerized in the same manner as in Example 4 except « mmd of Jhe 
abo^lmL^ tl^Son metalSi^^nd (1) ^ used a.a,ein P^jf ^-^^J^^^^^T^^^^^ 
trlmethylcyclopertadienyO^irconium dicWoride and 0.005 mmol of the abD^«■mentloned^tIarwbon metal compound p j. 

S2 of a iXner having an 1^ 

EyampleS 

2S0rri of tduene were placed in a 500-ml glass autodave thoroughly purged with nitrogen and a Rfeed gas Of 
vieh^SSSerS W?rnd 80 Irtir. re^ecUvely) was passed thmugh the autoclave at 25«C for 0 m.nirt^. 
?SrealSr ^mr^o^teL of alumihum^m. of trBsoWaluninim then a mixture of 0.0002 mmol of b«(l 3- 
S5=^ferieXconiumd«nior«eandO.M^ 

farther 0 006 mmol of triphenylcaibenium tetralds(pentafluorophenyl)borate. were added to start polymerizalion^ 
and further 0.006 '^J'^"^":^ ^ ^ atnmsDheric pressure for 30 minutes while continuously feeding Ihe 

^^SST-^Tp^Mn^s then added to a large e«ess of '^^'f ^'^^^^''^^ 
Z SiJJel ^ dried at 1 30-G under reduced pressure forl2 hours. As a result. 7.7g of a polymer having an Mw of 
1.6 X 10^ and ah MwMn of 4.4 were obtained. 

nnmparative E xatnole 8 

Ethylene and propylene werepolymerized in the same marker as in Examplesexcept*^^^^^^ 
dim3SS£Syl)«rconium Schloride was used alone in place of the mi^ure of ^i^^ mmol d ^^^^^ 
SSentadie^zirconium dichloride and 0.005 mmol of the 'T.^l^^ 
aSSouStuseddtrUnylcart»niumtetraids(pentafiua^^^^ 

^l^aresult/4.2gofapoJ^ lO^andanMw/Mnof 2.2 were obtan^ed, 

rrfflTiy"'"*'»^'*^^""'eQ 

Eth^ene and propylene were polymerized in the same manner as in ^^^^'^ .I'^^JJ^^^^^"'^ 
aboS^BHtioned farStion metal compound (1) was used alone in P"*^* •^'f?:!^^^^^^,"^^^ 
imeSientadiervljzircxjniu^ dkiiloride and 0.005 mmd of the above-mentBned^t«nsjbon metal compound (1). 
t aS 3 7g of apdymerhaving an Mwof 5.6 x 10* and an MwWn of 1 .9 were obtained. 

Pippamtlon of t itanium catalyst component fa^i) 

5.1g of commerdally available anhydrous magnesium chloride and 194ml 
iiaBkarrf ia aml of ethanol were dropwise added over 10 minutes while stmng. After the end of dropwise addrtion. stiT 

9.7wt% Of ethoxy group. 

250ml of tduerie were placed In a 500-m. glass autodave thoroughly P"^f2,:r?^Z"^S?cirirminu?^ 
viene and propylene (ISO Iflnr and 40 Irtir. respectively) was passed through the autoclave at 50°C for o irnnw^ 
SX. m™I. in terms of A. atom, of methylalumin xane. and then 0.004g-atom. .n terms of ttanium atom, of 
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the titanium catalyst component (a-i) obtained above and 0.002 mmol of the above-mentioned transition metal com- 
pound (1 ), were added to start polymerization. Polymerization was carried out at SO^C under atmospheric pressure for 
1 hour while continuously feeding the mixed gas of ethylene and propylena After the end of polymerization, a small 
amount of methanol was added to stop the polymerization. The polymer solution was then added to a large excess of 
5 methanol to precipitate a polymer, and the polymer was dried at 130*C under reduced pressure lor 12 hours. As a 
result, e. 1 g of a polymer having an Mw of 2.4 x 1 0^ and an Mw/Mn of 8.9 were obtained. 

Comparative Example 10 

10 Ethylene and propylene were polymerized in the ^me manner as in Example 6 except thai 0.004g-atom, in terms 
of titanium atom, of the above-mentioned titanium catalyst component (a-i) was used alone in place of 0.004g-atom, In 
terms of titanium atom, of the above-mentioned titanium catalyst component (a-i) and 0.002 mmol of the above-men- 
tioned trarisition metal oonpound (1). fi^ a result, 2.Ag o1 a polymer having an Mw of 4.2 x 10^ and an Mw/Mn of 5 9 
were obtained. 

Conrparative Example 1 1 

Ethylene and propylene were polymerized in the same manner as in Example 6 except that 0.002 mmol of the 
above-mentioned transition metal compound (1) was used alone in place of 0.004g-atom, in terms of titanium atom, of 
20 the above-mentioned titanium catalyst component (a-i) and 0.002 mmol of the above-mentioned transition metal com- 
pound (1). As a result, 3.9g of a polymer having an Mw of 3.8 x 10"* and an Mw/Mn of 1.8 were obtained. 

Example 7 

25 250ml of tduene were placed in a 500-mi glass autoclave thoroughly purged with nitrogen and a mixed gas of eth- 
ylene and butene (160 l/hr and 40 lyhr, respectively) was passed through the autodave at 50^C for 10 minutes. There- 
after. 0.4 mmol of diethylaluminum chloride, and then O.OOSg-atom, in terms of titanium atom, of the above-mentioned 
titanium catalyst component (a-i) and 0.002 mmol of the above-mentioned transition metal compound (2). were added 
to start polymerization. Polymerization was can-ied out at 50*C under atnwspheric pressure for 1 hour while continu- 

so ously feeding the mixed gas of ethylene and butene. After the end of polymerization, a small amount of methanol was 
added to stop the polymerization. The polymer solution was then added to a large excess of methanol to precipitate a 
polymer, and the polymer was dried at 130°C under reduced pressure for 12 hours. As a result. 6.2g of a polymer hav- 
ing an Mw of 1 .9 x 1 0^ and an Mw/Mn of 8.3 were obtained. 

35 Comparative Exanple 12 

Ethylene and butene were polymerized in the same manner as in Example 7 except that 0.003g-atom, in terms of 
titanium atom, of the above-mentioned titanium catalyst component (a-i) was used atone in place of 0.003g-atom, in 
terms of titanium atom, of the above-mentioned titanium catalyst component (a-i) and 0.002 mmol of the above-men- 
40 tioned transition metal compound (2). As a result, 3.ig of a polymer having an Mw of 3.7 x 10^ and an Mw/Mn of 6.1 
were obtained. . 

Comf^rativB Example 13 

45 Ethylene and butene were polymerized in the same manner as in Example 7 except that 0.002 mmol of the above- 
mentioned transition metal compound (2) was used alone in place of 0.003g-atom. in terms of titanium atom, of the 
above-mentioned titanium catalyst component (a-i) and 0.002 mmol of th© above-mentioned transition metal compound 
(2). As a result. 3.4g of a polymer having an Mw of 2.9 x 10* and an MwVMn of 1 .9 were obtained. 

so Preparation E xample 1 

fA>i) Prepara tion of ethylene homooolvmer 

A lOO-ml vessel equipped with a magnetic stirrer was purged with argon, and 0.94 mmol of a transition metal com- 
55 pound of formula (3) below and then 0.94 mmol of a boron compound of formula (4) below were placed in the vessel. 
50mt of diethyl ether were added to the mixtur while cooling at -78»C. After elevating the temperature to -30*C and stir- 
ring at -SO^'C for 45 minutes, the reaction mixture was filtered through a glass filter while cooling at r78*^C, The solvent 
was distilled off from the filtrate at -50 to -30**C under reduced pressure to obtain 1.3 1g of a palladium cation complex 
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of formula (5) below as an orange crystal. 



5 



10 



15 



20 



25 



30 




... (5) 

0.6 mmol of the palladium catloh complex obtained above was placed in a 1 -liter glass autoclave thoroughly purged 
with nitrogen, and cooled to -TB^C, followed by purging the autoclave with ethylene (1 atm). 

40 Thereafter. 500ml of dry toluene (distilled and purified using CaHg) were added and the mixture was stirred at -eS'C for 
30 minutes, iollowed by elevating the temperature to 25**C. The polymerization was carried out by stimng the mixture at 
25°C for 4 hours while keeping the pressure at 1 atm with ethylene. After the end of polymerization, 3ml of methanol 
and 250ml of hexane were added and the mixture was filtered. The solvents were distilled off from the filtrate under 
reduced pressure. After diluting the resulting crude product with hexane, the mixture was filtered through a neutral alu- 

45 mina to remove the catalyst, the soivert was distilled off under reduced pressure and the residue was dried under 
reduced pressure using a vacuum pump. As a resuft. 63.5g of an ethylene homopolymer (A-i) shown in Table 1 were 
obtained. 

Preparation Example 2 

so 

(A-ii) Preoaration of ethylene-bropvlene copolymer 

1 .5 liters of toluene was placed in a 2-Iiter glass autoclave thoroughly purged with nitrogen and a mixed gas of eth- 
ylene and propylene (240 l/hr and 160 l/hr, respectively) was passed through the autoclave at 20*C for 10 minutes. 
55 Thereafter, 0.5 mmol of triisobutylaluminum. then 5 mmol, in terms of Al atom, ot methylaluminoxane, and ^rther 0.02 
mmol of the above-mentioned transition metal compound (1), were added to start polymerization. Polymerization was 
carried out at 25^C under atmospheric pressure for 1 hour while continuously feeding the mixed gas of ethylene and 
propylene. After the end o1 polymerization, a small amount of methanol was added to stop the polymerization. The pol- 
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ymer solution was then added to a large excess of methanol to precipitate a polymer, and the polymer was dried at 
130'C under reduced pressure for 12 hours. Asa result. 47.0g of an ethylene-propylene copolymer (A-i) shown in Table 
1 were obtained. 

5 Prwparatioh Example 3 

(Ajin Prepal^tion of ethwlBnB-l -butana cciDQivinaf 

1 .5 liters Of toluene was placed in a 2-liter glass autoclave thoroughly purged with nitrogen and a rnixed gas of eth- 
10 ylene and l-butene (240 l/hr and 160 Mv, respecfively) was passed through Itie autoclave at 20«C for 10 minutes. 

Thereafter, 0.5 mmol of trHsobutylaluminum, then 5 mmol, in terms of Al atom, of methylaluminoxane. and further 0.02 
. , mmol of the above-mentioned transition meta! compound (1). were added to start polymerization. Polymerization was 
carried out at ?0»C under atmospheric pressure for i hour while continuously feeding the mixed gas of ethylene and i- 
■ butene. After the end of polymerization, a small amount of methanol was added to stop the polymerization. The polymer 
15 solution was then added to a large excess ol methanol to precptate a polymer, and the polymer was dried at 1 30»C 
under reduced pressurefbr 12 hours.,Asa result, 46.7g of an elhylenfrl -butene copolymer (A-iiiy^own in "feUe 1 were 
obtained. 



20 



Examples 

0.2 weight part of tetrakls[methylener3(3,5<li-t-butyl-4-hydroxyphenyI)propionate]^^^ (antioxidarit) and 0.1 
weight part of calcium stearate (hydrochloric add absott)ent) were added to 

a mixture consisting of 30 weight parts of ethylene homopolymer (A^i) obtained 1^ Preparation Example 1 above. 
25 as olefin polymer (A-1), and . ^ 

70 weigN parts of a propylene homopolymer (B-i)(trade name: Hypol J400: produced by Mitsui Petrochemical 
Industries. Ltd.) shown in Table 1 and produced using a kriown Ziegjer catalyst, as pleJin polymer (B). The mixture 
' was then melted and kneaded at 200'C using a 2Omm0 single screw extruder to obtainan olefin polymer compo- 
sition. 



30 



35 



The tensile modulus (YM) and Izod Impact strength (IZ) were measured for the olefin polymer composition 
obtained. TTie results aiie shown In Table 1 . 

Examples 

An olefin polymer composition was obtained in the same manner as in Example 8 except that ethylene-propylene 
copolymer (A-ii) obtained by Proration Example 2 was used in place of ethylene homopolymer (A-i). The results are 
shown in Tablet. 



' 40 Example 10 

An olefin polymer composition was obtained in the same manner as in Example 8 except that ethylene-1 -butene 
copolymer (A-iii) obtained in Preparation Example 3 was used in place of ethylene homopolymer (A-i). The results are 
shown in Tablet. 

45 - 

Comparative E xample 14 

An olefin polymer composition was obtainol in the same manner as in Examples 8 to 10 except that the antioxidant 
and hydrochloric acid absorbent were acJded to propylene homopolymer (B-i). without using olefin polyrna^ (A-1). The 
so results are shown in Table 1. 

Fxamplftll 



An olafiri polymer composition was obtained in the same marner as in ExampI 8 except that an ethylene homopol 
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nonnpafative Exampie 15 

An olefin polymer compositian was obtained in the same manner as in Example 1 1 except that ttie antioddant and 
hydrochloric acid absorbent was added to ethylene homdpolymef (A-il); without using olefin polymer (A-1). The results 
5 are shown In Table 1 . 

Table 1 . * 







Ex. 8 


Ex. 9 


Ex. 10 


Comp • E3C • 
14 


15 


(A-1) Olef in polymer 


Ethylene 
homopolymer 


(A-ii> 
Ethylene - 
propylene 
cooolvmer ■ 


(A-iii> 
Ethylene-^1- 
butene 
coDolvmer 






Intrinsic viscosity 


1.5 / 


1.8 


.1.6 




20 


iT]] (dl/g) 












Glass transition 
temperature Tg CO 


-78 


-58 


-62 


*■ 


25 . 


Density {g/ara^) 


0.855 


0.856 


0 . 860 






(B) Otlier 

olefin polymer 


(B-i) 


Propylene homppblymer 




$0 


Intrinsic viscosity 
[Ti] (dl/g) 




2.6 






3S 


Melting point Tm CC) 
Density (g/cm^) 




160 
0.903 






40 


YM .(MPa) 


490 


500 


520 . 


1737 


12 (J/m) 


not 
broTcen 


not 
broken. 


not 
broken 


37 



45 



SO 



55 



93 
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Table 1 (continued) 



5 




EX. XX 


Con^. Ex. 
15 


10 


(A-1) Olefin polymer 


(A-i) 

Ethylene 

homopolymer 






xntrinsic viscositv 


1.5 




15 


[T]] (dl/g) 






Glass transition 
temperature Tg (^C) 


>78 




20. . 


Density (g/cm^) 


, 0.855 






. olefin polymer 


(B-ii) 

Ethylene hoinopplyiuer 


25 










Intrinsic Viscosity 


. 1 


,5 




m J (dl/g) 






$0 


Melting point Tm (°C) 


135 




IJensity (g/cin3) 


0.968 


35 


YM (MPa ) 


375 


1330 




IZ (J/m) 


not- 
broken. 


50 



40 



Preparation Example 4 

45 

(A-M Preparat ion of ethylene homopoivmer 

15 liters of toluene were placed in a 2-liter glass autodave thoroughly purged with nitrogen and ethylene was 
passed through the autodave at a rate.of 200 l/hr for 1 0 minutes at 25'*C. Thereafter, 0.5 mmd of triisobutyiaiuminum, 

so and then 5 mmol. In terms of Al atom of methylaluminoxane and 0.02 mmol of a transition metal compound of formula 
(6) below, were added to start polymerization. Polymerization was carried out at gS^'C under atmospheric pressure for 
1 hour whfle continuously feeding ethylene gas. After the end of polymerization, a small amount of methanol was added 
to stop the polymerization. The polymer solution was then added to a large excess of methanol to precipitate a polymer, 
and the polymer was dried at 80*^0 under reduced pressure for 1 2 hours. As a result. 4Z7g of an ethylene homopolymer 

55 (A-^^^ shown in Table 2 were obtained. 
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a mixture consisting of 40 weight parts of ethylene homopolymer (A-iv) obtained by Preparation Example 4 above, 
as olefin polymer (A-2). and 

60 wei^ parts of an elfiylene homopolymer (B-iii) shown In Table 2 and produced using a known Ziegler catalyst, 
as olefin polymer (B). The mixture was then melted and kneaded at 200^C using a 2Omm0 single screw extruder 
to obtain an olefin polymer composition. The melt index (Ml) and melt tension (MT) of the obtained polymer com- 
position are shown In Table 2. 

This olefin polymer composition was molded into a blown film. The film Impact strength of the obtained film was 
measured. The results are shown In Table 2. 

Example 1g 

An olefin polymer composition and a btowh film were obtained In the same manner as in Example 12 except that 
80 weight parts of ethytene-1 -octene copolymer (A-v) obtairied by Preparation Example 5. as olefin polymer {A-2). and 

20 weight parts of an Xylene homopolymer (B-lv) shown in Table 2 and produced by a high-pressure radical 
method, as olefin polymer (B). The results are shown in Table 2. 

E)^mplB 14 

An olefin polymer composition and a blown film were pbtajhed in the same manner as In Example 12 except that 
34, weight parts of ethylene homopolymer (A-vl) obtained by Preparation Example 6, as olefin polymer (A.2). and 

53 weight parts of ethylene- l-hexene copolymer (B-v) shown in Table 2 and produced using a known metallocene 
catalyst, and 12 weight parts of ethylene homopolymer (B-vl) shown in Table 2 and produced by a high-pressure 
radical method, as olefin polymer (B). 

The results are shown In table 2. 

Example 1$ 

An olefin polymer composition and a blown film were obtained In the same manner as in Example 12 except that 
90 weight parts of ethylene homopolymer (A-vii) obtained by Preparation Example 7. as olefin polymer (A-2), and 

1 0 weight parts of an ethylene-1 -butene copolymer (B-vil) shown In Table 2 and produced using a known vanadium 
catalyst, as olefin polymer (B). The results are shown In Table 2. 
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Table 2 



5 




Ex. 12 ; 


Ex. 13 




(A-2) 

Olefin polymer 


(A-iv) 

Ethylene 

homopolymer 


(A-v) 

Ethylene- 

l-octene 

copolymer 




Intrinsic viscosity 




:1.9 . . ■ 


^ ' 1.6 ' . 




15 


tni (dl/g) 

Glass transition 
temperature Tg {**C) 




84 ; ^ 


115 




20 


Density (g/cm^) 




0.900 


. 0.918 . 




25 


(B) Other 

olefin polymer 


(B-iii) 

Ethylene 

homopolymer 


(B-iv) 
Ethylene 
homopolymer 




Intrinsic viscosity 




1.5 


1.1 




30 


[Ti] (dl/g) 
Melting point Tm 




; 135 


106 




35. 


Density (g/cm^) 




0.970 


0.920 






Mi (g/10 min- ) 




2.8 


3.4 




40 


MT (inM) 

Film intact 
strength (kJ/m) 




1.5 

28,5 


2.5 
30.4 





45 



50 



97 
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TcQ^le 2 (continued) 



5 






Ex 


- 14 


. Ex. 15 


10 


(A-2) 

Olefin polymer 


(A-vi) - 

Ethylene hoinopolymer 


(A-vii) 
Ethylene 
homopolymer 


IS 


Xntrinsic Viscosity 
[TiJCdl/g) 




0.7 


1.6 




Glass transition 
temperature Tg (""C) 




126 


lis 


20 


Dens i ty ( g / ctn^ ) 




0. 




0.927 


25 


(B) Other 

olefin nolvTneT* 


(B-v) 

Ethylene- 

1-hexene 

copolvmer 


\ (B-vi) 
Ethylene 
homopolymer 


(B-vii) 
Ethylene- 
l-t)utene . 
copolvmer 


$0 


Intrinsic viscosity 
rni (dl/g) . 






1,2 


1.8 




Melting point Ita 


120 




111 


70 


35 


Density (g/cm^) 


0.916 




0.924 


0-885 


40 / 


MI (g/10 min. ) 




1. 


i 


1.2 


MT (inM) 




3. 




3.0 


45 


Film irr^act 
strength (kJ/rn) 




23 


.5 


. 27.3 



50 Claims - - 

1. Art olefin polymerization catalyst comprising 
(a) 

(a-1 ) a compound of a transHlbn metal froiii Group 4 of the periodic table, which contains a ligand having 
a cyclopentadienyl skeleton, or 

(a-2) a titanium catalyst component containing magnesium, titanium, and halogen. 
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(b) a compound of a transition metal from any of Groups 8 to 10 of the periodic taWa. expressed by the 
general foithula (I) below, 

(c) at least one compound selected from among (c-1) organic aluminum QjQfcompourids, (c-2) alkylbor nic 
acid derivatives, and {c-3) compounds reacting with the transition metal compound to form ari ion pair, and 
if necessary, 

(cO an organdnfietallic conp^ 



(I) 



vvherein M Indicates a trandtion metal atom from any of Groups 8 to 1 0 of the periodic table, 

X"* and X^ma^f be the same as or different from each other and are each a nitrogen atom or a phos- 
phorus atom, : • . ; - 

and may be the ^ame as or <iflerent from each other arid are each a hydrogen atom or hydrb- 
cart^on group, - 

m and n may be the same as or different from each other and are each a value of 1 or 2 that satisfies 
the valence of and respectively, 
is a group that binds X*" and X2 and i^^^^ 




or 



(where R®. R^. R^"" . and R^^ may be the same as or different from each other and are each 

a hydrogen atbm or hydrocarbon group), 
. and may be the same as or different from each other and are each a hydrogen atom halogen 
atom, hydrocarbon groL43. .0Rfi. -SR^. -N(R^°)2. or -P(R^ (where each of R« to Revindicates an 
alky! group, cycloalkyi group, aryl group, aralkyi g^^ 

bWTded mutually to form a ring, and the groups R^ ^ may be bonded mutually to form a ring), R* arid 
. may be bonded to each other to form a ring, and 

two or riYore among R^ R?, r6 (or R^i. r52j g^jj r7 (or r7i • r72) may be bonded to each other to 
. form a ring. 

An piefin polymerization catalyst as claimed in claim 1. wherein the transition metal compound of the general for- 
riiula (I) is a compound ejqressed by the following general formute 
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"M'' 



^ ... (!•) 



Wherein Mindk«tes a tmnsitibhr*wtala^^ 

«,e s^e as or drterent from each other and are each a hydrogen atom or hy<.ro«rt«n 
Rjand be «,e same as or dWerent from each oth.r and are each a hydrogen atom or hydr««*on 

cycloalkyi graup. aryl groi ^ ^IL^'^IT ' ' *° ,5 '"^'^ ^" ^Ikyl group 

formaring'S.heg?oSR^?iTEoS^ "StSvto 
rthertofbrmaring mid ''«'^«ln~«Mally to formanng),R<ahd R« rray be bonded to each 

iwoormoreamong Ri. RVR« and R^may be bondedto eachom^^^^ 

4. ^°'^'"PP'V--compoai«oncha..c.eri.adinbeingo^^^^ - 

5, Ah olefin polymer composition comprising 

. (i^iErn^ss^^^ 

(DSC), and -^eraoire (Tg) of 40 C or less, as measured by a differential scanning calorimeter 

(3) adensily of 0.88g/cm9 or less; and ' 

(B)l1o99weigN parts Of at .east oneolefin polymer produced usi^gacatat^ 



(a) 



£2 feS"Jl!^ «te!ystoomponent containing magnesium, titanium, and halogen 
ifnecessary. ^^°'^^'^'*'^'*'**efr5'«*°"'^etal compound to Ibnn a 
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(cQ ah organomelalltc compound. 

7- A heat molded producl characterized in being obtained l3y heat molding the olefin polym r composition as defiried 
lndaim5or6. ' ^ : . 

d. Ah olefin polymer compdsjtloa^ 

(A-2) 99 to 1 weight parts of a crystalline olefin polymer which is produced using a catalyst containing a tran- 
sition metal compourid (b) e)q[3re6sed tjy the general formula (I) above and which has 

/ (1) an intrinsic viscosity [tij vwithin the range of 0.5 to 20dl/g, as measured in decalin at 135*c; 
. (2) a melting point (Tm) of 60*0 or more, as measured by a differenliai scanning calorimeter (DSC), and 
(3) Menslty of O.aSg/qn^ or more; and " / 

(B) 1 to 99 weight parts of at l^st one defiii polymer produced using a catalyst other than that memipned 
■■' ,abova . / . ^ , ■ -• •■ :^ v ' . .. \ " 

a An olefin polymer .cpnppsition as claimed in claim 8, wherein the olefin polymer (B) is produced using a catalyst 
cornprising . • . ' ' * 

■" ■ ' ' ' " - : -: . : / • ' ' ■ ' ' 

(a-1) a compound of a transition metal from Group 4 of the periodic table, vyhich contains a ligand having 
a cydppentadiehyl skeleton, or 

(a^a) a titanium catalyst component containing nriagne^^ 

(c) at least one compound seiecled from arnong ,(c-1 ) orgariic aluminum oxycbrnpbunds, (ct2) alkyborbnib 
acid derivatives, arid {c-3) conrpbunds reacting with the tran^ 

.'if necessary. • : / ., . • , / 

(cQ an orgahprtielallic compound, ' . ' 

1 0. A heat molded product characterized |n being obtained by heat molding the olefin pol^^er conpositjoh as defeied 
indaim8or9. 
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FIG. 1 



Transition metal conpound of Group 4 
containing a ligand liaving 
a cyclopentadienyl skeleton, 
or 

Titanium catalyst coinponeat containing 
magnesium, titanium and halogen 
as the essential contponents 




R* R' 



M 
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M: Pd, Ni or Pt 
X^, X*: N or P 

R^, R^: H or hydrocarbon group 

R* , R^ : halogen or hydrocarbon gxoup 

R*, r': H or hydrocarbon group 



At least one selected from ^ 
Organic aluminum-oxy compoundes, 
Allcylboronic acid derivatives and 
Ionizing ionic compounds . 



Cr Organometallic ^ \. 
compound / 



(pine particulate) 
carrier 
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